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ABSTRACT 
Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by deficits in social communication, and the presence of restricted and 
repetitive patterns of behaviors and interests that are reported before the age of 3 years. 
The increase in the prevalence of ASD has been documented worldwide. There is no cure 
for ASD but treatment exists. Studies that used small clinical samples have reported high 
prevalence of self-injurious behaviors (SIB) in ASD, but data from large, population-
based studies are lacking. SIB are highly disruptive and have important consequences to 
the individual, the family, and the society. The etiology of SIB is not completely 
understood, and prevention is challenged by lack of valid data on the prevalence, risk 
factors, and longitudinal changes.  
This study had three major aims: to provide population estimates of the 
prevalence of SIB and assess whether there are significant trends over time; to explore 
associations between SIB and various potential risk factors; to assess longitudinal 
changes in the presence and severity of SIB, and explore baseline characteristics that may 
influence these changes. This study used data from two large samples of children with 
ASD: the Autism and Developmental Disabilities Monitoring (ADDM) Network and the 
Autism Treatment Network (ATN).  
In ADDM, more than 25% of children with ASD had the presence of SIB 
documented in their records, but no significant trends were identified in the prevalence 
over time. In both datasets, child, household, and community characteristics were 
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associated with SIB, including child’s younger age, behavioral and developmental 
factors, somatic conditions, maternal smoking during pregnancy and low educational 
attainment at the time of child’s birth, and living in a community with limited resources. 
Though the majority of children did not show major changes in SIB overtime, significant 
changes were documented in a considerable proportion of them. More parents reported 
resolution of previous SIB and improvement in the severity than new occurrence or 
deterioration. Individual characteristics and family factors at baseline predicted these 
changes. This study has provided information that is useful for future longitudinal 
studies. These results, if confirmed by others, have the potential to impact clinical 
practice, research, and policy. 
 
The form and content of this abstract are approved. I recommend its publication. 
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Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by deficits in social communication, and the presence of restricted and 
repetitive patterns of behaviors and interests that are reported before the age of 3 years 
(APA, 2013). There is no biological test to diagnose ASD. The best estimate of a “gold 
standard” is the consensus opinion of at least two expert clinicians based on the criteria 
included in the Diagnostic and Statistical Manual of Mental Disorders, fifth edition 
[DSM-V] (APA, 2013). However, adding information from standardized instruments, 
such as the Autism Diagnostic Interview-Revised [ADI-R] (Lord, Rutter, & Le Couteur, 
1994) and the Autism Diagnostic Observation-Schedule [ADOS-G] (Lord et al. 2000) 
facilitates the diagnostic assessment and improves its reliability (Mazefsky & Oswald, 
2006; Risi et al. 2006). In general, most studies have reported high stability of the 
diagnosis of ASD over time (Woolfenden, Sarkozy, Ridley, & Williams, 2012).  
The specific causes of ASD are still unknown and researchers agree that these 
conditions are likely to result from possible gene-environment interactions. Numerous 
epidemiological studies have documented an increase in the prevalence of ASD in the US 
and worldwide (Blumberg et al. 2013; CDC, 2014; CDC, 2012; Elsabbagh et al. 2012; 
Kim et al. 2011; Kogan et al. 2009). It is not known if this increase reflects a true 
increase in the incidence of ASD or a result of secular trends (improvement in detection, 
changes in diagnostic criteria). Hansen, Schendel, & Parner (2015) found that 60% of the 
increase in the prevalence of ASD in their study can be related to changes in reporting 
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practices. The most recent data from the Autism and Developmental Disabilities 
Monitoring (ADDM) Network revealed a prevalence of 1.5 per 100 or 1 in 68 among 8-
year-old children in the US. Though there is no treatment to cure ASD, interventions that 
target different developmental problems (e.g., social interaction, communication, 
cognitive, adaptive behaviors skills) are available. The increase in the prevalence of ASD 
has major public health implications, as substantial societal resources are required to 
provide long-term services to those who are affected. In the US, the lifetime costs of care 
for an individual with ASD without Intellectual Disability (ID) were estimated at $ 1.4 
million; and these costs increased up to $ 2.4 million when the individual has both ASD 
and ID (Buescher, Cidav, Knapp & Mandell, 2014).  
In addition to the above core symptoms, associated conditions (comorbidities), 
such as intellectual disability (ID); developmental regression; gastrointestinal (GI) and 
sleep disturbances; maladaptive behaviors, including self-injurious behaviors (SIB); 
sensory abnormalities; neuropsychiatric, developmental, and genetic conditions are also 
frequently reported in those with ASD (Charman et al. 2011; Duerden et al. 2012; 
Gillberg & Billsetdt, 2000; Horvath & Perman, 2002; Kielinen, Rantala, Timonen, Linna 
& Moilanen, 2004; Klintwall et al. 2011; Krakowiak, Goodlin-Jones, Hertz-Picciotto, 
Croen, & Hansen, 2008; Levy et al. 2010; Leyfer et al. 2006; Matson and Goldin, 2013; 
Minshawi et al. 2014a; Schieve et al. 2010). These associated conditions contribute to the 
heterogeneity of ASD and negatively affect the long-term outcomes of those with ASD.  
Fee and Matson (1992) defined SIB as "different types of behaviors, often highly 
repetitive and rhythmic, that result in physical harm to the individual displaying the 
behaviors. Moreover, such behaviors occur without an apparent intent of willful self-
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harm.” Head banging, head rubbing, nail picking, eye and orifice poking, hair pulling, 
hand-mouthing, self-pinching, self-cutting, self-scratching, and arm biting are the most 
common types of SIB (MacLean & Symons, 2002; Weiss, 2002). Studies that used small 
clinical samples have reported high prevalence of SIB in ASD and higher prevalence in 
ASD compared to other developmental disabilities (Baghdadli, Grisi, & Aussilloux; 
2003; Duerden et al. 2012; McClintock, Hall, & Oliver, 2003; Rattaz, Michelon, & 
Baghdadli, 2015; Minshawi et al. 2014a; Schroeder et al. 2014; Weiss, 2002). 
The presence of these behaviors has individual, familial, and societal 
consequences. SIB may result in injuries, including lacerations, contusions, concussions, 
or fractures that may necessitate emergency room visit or hospitalization (Guinchat et al. 
2015; Ianuzzi, Cheng, Border-Fingert, & Bauman, 2014; Mandel, 2008; Richman et al. 
2013). In their study, Ianuzzi et al. (2014) found that behavioral issues, such as SIB and 
aggression, were the most frequent reasons for admission in the emergency room among 
children with ASD ages 12-15 years. In extreme cases, SIB can also result in death 
(Rojahn, Schroeder, & Hoch, 2008). SIB are disruptive to others in the immediate 
environment and those engaging in these behaviors may be banned from participating in 
educational and vocational activities, and this exclusion may limit the ability of these 
children to learn from their typically developing peers. (Baghdadli et al. 2003; Devine, 
2014; Minshawi et al. 2014a; Mudford et al. 2008). Furthermore, caregivers of children 
with SIB may use physical holds that may lead to physical abuse (Mandell et al. 2008). 
Adults with SIB are more likely to be placed in residential facilities compared to those 
without SIB (Minshawi, Hurwitz, Morris, & McDougle, 2014b). The costs of caring for a 
patient with SIB in a residential facility are higher than treating the same patient in the 
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community. Further, the costs of care in a residential facility are higher for those with 
SIB compared to residents who do not engage in these behaviors (Hassiotis et al. 2008; 
Knapp, Comas-Herrera, Astin, Beecham, & Pendaries, 2005). 
Families of children with SIB may experience high levels of stress due to frequent 
visits to the emergency room, losses of productivity, social isolation, and financial strain 
because of medical bills (Bitsika & Sharpley, 2004; LeCavalier et al. 2006). Societal 
costs of caring for those with SIB are exorbitant. For instance, the 1989 National 
Institutes of Health (NIH) consensus statement estimated the annual costs of services for 
a child with SIB at more than $100,000. This was before most states have passed laws 
increasing provision of services to those with ASD (Devine, 2014). 
Despite the dramatic nature of maladaptive behaviors and their consequences, 
there is some evidence that early intensive behavioral interventions, started during 
childhood may improve the outcomes (Eikeseth, 2009; Horovitz, Matson, Rieske, 
Kozolowski, & Sipes, 2011; Hartley, Sikora, & McCoy, 2008; Murphy et al. 2005; 
Richman, 2008). In contrast, without these interventions, SIB tend to become chronic, 
difficult to manage, and less responsive to treatments. As an illustration, Adler et al. 
(2014) found that 39.5% of participants in their study engaged in maladaptive behaviors 
that were refractory to any type of pharmacotherapy. In addition, older children (i.e., age 
>12 years) were less likely to respond to treatment. Thus, preventing the occurrence of 
maladaptive behaviors or their evolution to chronicity is important. However, adequate 
preventive measures can only be implemented if SIB are detected early, which requires 
identifying the specific risk factors for SIB in ASD. Understanding of such risk factors 
has been limited by lack of large, high-quality epidemiological studies in this population. 
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The lack of studies on behavioral issues in ASD has also been confirmed in a review of 
studies of comorbid conditions in ASD by Matson and Goldin (2013).  
The study of SIB in ASD presents specific challenges. First, large cohorts of 
participants with ASD have been only recently assembled; therefore, most studies of SIB 
in ASD have used small clinical samples that included high number of severe cases and 
those who have access to services. These types of studies have limited power and 
external validity. Second, studies in ASD have used varied sampling strategies, including 
different age ranges, or methodologies to assess SIB and other important risk factors, 
resulting in inconsistent findings for some risk factors, such as child’s age, severity of 
ASD symptoms, and the presence of epilepsy (Baghdadli et al. 2003; Duerden et al. 
2012; Esbensen, Seltzer, Lam, & Bodfish, 2009; MacLean et al. 2010; Perisse et al. 
2010). These methodological differences between studies also impede the ability to 
combine results through meta-analyses. Third, there are only a few longitudinal studies of 
ASD, mostly from small clinical samples (e.g., Baghdadli et al. 2008; Billstedt, Gillberg, 
& Gillberg, 2005; Chowdhury, Benson, & Hillier, 2010; Shattuck et al. 2007; Taylor & 
Seltzer, 2010). In addition, baseline characteristics that may influence changes in SIB 
have not been thoroughly explored. 
The limited number of large epidemiological studies of SIB in ASD is in contrast 
with the extensive literature that exists on the prevalence, risk factors, and long-term 
outcomes of SIB in those with ID. However, because of the differences between the two 
conditions, there is uncertainty as to the extent to which SIB in persons with ASD is 
comparable to those with ID (Furniss, Biswas, Bezilla, & Jones, 2012). Therefore, large 
epidemiological studies of SIB that are specific to the ASD population are needed. 
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The purpose of this research is to fill the above gaps in the literature of SIB in 
ASD, by examining SIB in two large national samples of children with ASD: the ADDM 
Network and the Autism Treatment Network (ATN). 
1.2 Specific Aims 
The overall goal of this research is to provide a comprehensive analysis of SIB in 
children with ASD, including its prevalence, risk factors, and longitudinal changes. This 
research has three specific aims: 
1. To determine the population prevalence of SIB in children with ASD and examine 
potential birth cohort effects on the prevalence. Specifically, we will: 
1.1 determine the prevalence of SIB in US children with ASD at 8 years of age in 
the ADDM Network during the 2000, 2006 and 2008 study years.  
1.2 identify birth cohort effects (if any) on the prevalence of SIB in US children 
with ASD at age 8 years during those three study years in selected ADDM 
Network sites. 
2. To identify risk factors for SIB in ASD, including sociodemographic, developmental, 
behavioral, neuropsychiatric, genetic, and somatic in two national datasets, and 
explore whether identified relationships are modified by sex, IQ, and maternal 
education. Specifically, we will: 
2.1 explore the relationship between SIB and the above potential risk factors in 
children with ASD in these two datasets. 
2.2 examine potential effect modification by child’s sex, IQ, and maternal 
education on the association between SIB and the significant risk factors (2.1). 
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2.3 In a subset of 8-year old children with birth certificate information available in 
the ADDM Network, explore the association between SIB and pre-, peri- and 
neonatal conditions, after accounting for other risk factors (2.1), and examine 
effect modification by child’s sex, IQ, and maternal education. Specifically, 
we will: 
2.3.1 explore the association between SIB and prenatal (e.g., maternal 
education and marital status, maternal weight gain during pregnancy, 
maternal smoking status), perinatal (e.g., mode of delivery, maternal 
complications) and neonatal (birth weight, Apgar scores) after 
accounting for other risk factors (see 2.1). 
2.3.2 examine potential effect modification by child’s sex, IQ, and 
maternal education on the association between SIB and the 
significant risk factors (see 2.3.1). 
3. To identify and characterize longitudinal changes in the presence and severity of SIB 
in children included in the ATN dataset, and assess characteristics at baseline that 
influence these changes. Specifically, we will: 
3.1 examine longitudinal changes in the presence of parent-reported SIB among 
children with ASD, and explore the effect of child characteristics (e.g., 
demographic, developmental, behavioral) and family factors (e.g., maternal 
education, type of health insurance) at baseline on any identified changes in 
the presence of parent-reported SIB. 
3.2 examine longitudinal changes in the severity of parent-reported SIB among 
children with ASD, and explore the effect of child characteristics  
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(e.g., demographic, developmental, behavioral) and family factors (e.g., 
maternal education, type of health insurance) at baseline on any identified 
changes in the parent-reported severity of SIB. 
1.3 Significance 
The prevalence of ASD is increasing in the US and worldwide. Data from studies 
that used small clinical samples have reported high prevalence of SIB in ASD that varied 
between 15-53% (Baghdadli et al. 2003; Duerden et al. 2012; Rattaz et al. 2015). These 
behaviors have individual, familial, and societal consequences. Data on the prevalence of 
SIB from these small clinical samples are influenced by selection bias and do not reflect 
the entire ASD population. Therefore, the real burden of SIB in ASD is unknown and 
valid data that may be useful for planning of services, training providers on SIB in ASD 
are lacking. Further, the absence of valuable information on the risk factors and 
longitudinal changes impedes the development of adequate prevention strategies.  
This study is the first to comprehensively assess the prevalence, risk factors, and 
evolution of SIB in ASD using two different large, national samples of children with 
ASD. This study will add valuable information to the literature of SIB in ASD. 
Specifically, prevalence data from this study will provide better estimates of the burden 
of SIB in ASD and this may result in increased awareness of SIB among parents and 
clinicians. Policymakers may use these data for planning purposes, including training and 
availability of services. Furthermore, this study will evaluate a variety of potential risk 
factors for SIB in ASD in two different datasets, with sufficiently large samples to 
examine important interactions. This study will provide valuable information for 
researchers, clinicians, parents and policymakers. Findings from this study will inform 
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future longitudinal studies, and if confirmed in other studies, these results will have 
important implications for prevention and clinical practice. This study will also provide 
valid information on the trajectory of SIB, which may help researchers understand its 
natural history and factors that may influence it, resulting in the development of more 
targeted interventions to improve the outcomes of those with SIB in ASD, thereby 





2.1 Nomenclature, Definition, and Classification of Self-Injurious Behaviors 
There is no clear consensus among researchers on the nomenclature, definition 
and classification of SIB (Claes & Vandereycken, 2007, Fee & Matson, 1992). Different 
terminologies, including self-harm, maladaptive behaviors, non-suicidal self-injurious 
behaviors, self-mutilation, and challenging behaviors are sometimes interchangeably used 
to describe SIB. However, some researchers have argued that important differences exist 
between these different terminologies. For instance, Matson and Turygin (2012) 
differentiate SIB from self-mutilation. Though the occurrence of SIB may be driven by 
the need for social interaction, self-mutilation is always a non-socially motivated 
behavior. Kerr, Muelkhamp, and Turner (2010) point to the fact that SIB occur without 
any willful intent to self-harm; thus, they are different from behaviors that are expressed 
with the intention to cause self-harm, such as those observed in persons with mental 
disorders (e.g., depression, schizophrenia, eating disorders, or alcohol dependence). 
Therefore, self-harm and SIB must not be considered as synonyms. 
Different definitions have been proposed for SIB. Tate and Baroff [1966] (as cited 
in Carr, 1977), defined SIB as an act directed towards oneself that results in tissue 
damage. Rojahn, Schroeder, Hoch (2008) defined SIB as different types of self-directed 
acts that cause or have the potential to cause direct or indirect (cumulative) physical 
damage to the person’s own body. There are differences between these two definitions, 
and also with the definition proposed by Fee and Matson [1992] (described above). In 
comparison to the Fee and Matson’s definition, the two others are less restrictive and may 
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include behaviors that do not meet the definition proposed by Fee and Matson (1992). 
These differences in criteria may constitute a limitation when comparing findings from 
different studies that used different definitions. 
The classification of behaviors that should be considered as “SIB” is also an area 
of disagreement among researchers (Rojahn et al. 2008). For example, some types of 
behaviors, including polydipsia, aerophagia, rumination, pica, uncontrollable climbing, 
and coprohagia do not always result in direct tissue damage; consequently, they may not 
be considered as SIB by some researchers. However, for others, these behaviors have the 
potential to lead to physical damage and could be considered as SIB. This lack of 
common definition is a short coming to be recognized. Further, most published studies do 
not provide detailed information on the specific types of SIB that were examined. This 
also an important challenge when comparing findings from different studies. 
Lastly, there is also no consensus on whether SIB should be included in the same 
category with other repetitive behaviors. For some researchers, SIB are similar to other 
repetitive behaviors, such as stereotypies and should be included in the same category 
with other repetitive behaviors (Esbensen et al. 2009; Gal, Dyck, & Passmore, 2009; 
Jones, 1987; Gabriels, Cuccaro, Hill, Ivers, & Goldson, 2005). This may explain why SIB 
are among the behaviors that are assessed in the Repetitive Behavior Scale-Revised 
[RBS-R] (Lam & Aman, 2007). Other researchers in the field have argued that SIB are a 
distinct class of behaviors and should remain separate from other repetitive behaviors 
(Matson & Nebel-Schwalm, 2007; Szatmari et al. 2006). This lack of consistency on the 
classification may be a significant problem when reviewing studies that have been 
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published on this topic, as these studies may sometimes be found in the broader group of 
repetitive behaviors and sometimes not. 
2.2 Etiology of Self-Injurious Behaviors 
The etiology of SIB is not completely understood. No single causal factor has 
been identified and most researchers agree that the etiology of SIB is multifactorial, 
involving interactions between biological and environmental factors (Carr, 1977; Devine, 
2014; Guess & Carr, 1991; Klonsky, 2007; Kurtz, Chin, Huete, & Cataldo, 2012; 
Minshawi et al. 2014a; Weiss, 2002). 
2.2.1 Biological Factors 
Biological or genetic factors may lead to the occurrence of SIB. A number of 
genetic, congenital, and medical conditions have been associated with SIB. These 
conditions can be congenital, such as congenital blindness and deafness; genetic [Lesch-
Nyhan, Rett syndrome, Smith-Magenis, Prader-Willi, Cornelia de Lange, Fragile X 
syndrome, congenital insensitivity to pain]; somatic [sleep and GI problems, otitis media, 
menses, sensory abnormalities] (Carr, 1977; Emerson et al. 2001a; Goldman et al. 2011; 
Hyman, Oliver, & Hall, 2002; Minshawi et al. 2014b; Symons, Clark, Hatton, Skinner, & 
Bailey, 2003; Weiss, 2002). Minshawi et al. (2014b) provided a detailed list of different 
medical and genetic conditions that can be associated with SIB in ASD. 
The occurrence of SIB in the presence of biological factors may be the result of 
disturbances in different neurotransmitter systems, such as dopamine, glutamate, 
serotonin, GABA, and opioid (Minshawi et al. 2014b; Weiss, 2002). The occurrence of 
SIB is more likely to occur from perturbations in more than one neurotransmitter system. 
Minshawi et al. (2014b) described functional interrelations that exist between these 
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different neurotransmitters systems. Support for an underlying neurotransmitter 
dysregulation in the etiology of SIB is provided by animal models of SIB, functional 
studies in humans, and post-mortem findings. A summary of the potential mechanisms 
linking SIB and each of the neurotransmitters is provided below. 
In some cases, SIB may be secondary to hypersensitivity of the dopamine 
receptors in the brain. Decrease in dopamine levels and of its metabolite have been 
documented in the striatum and cerebrospinal fluid in patients with Lesch-Nyhan 
Syndrome. This condition is associated with self-biting of the fingers and lips (Turner & 
Lewis, 2002). Similar findings have also been reported in animal studies and in those 
with ASD. The association between dopamine and SIB explains the use of antipsychotics 
in the treatment of SIB (Adler et al. 2014; Minshawi et al. 2014b). 
Two models have been proposed to explain the association between SIB and the 
opioid system: the addiction and hypersensitivity models (Duerden et al. 2012; Minshawi 
et al. 2014b). The “addiction model” stipulates that SIB stimulates the opioid system 
resulting in the release of endorphins that make the individual able to support higher 
levels of SIB. Hence, the behavior itself serves to attenuate pain (Romanczyk, Lockshin, 
& O’Conor, 1992). In these circumstances, SIB may be a mechanism that is used to 
attenuate pain of different origins. This may explain SIB that occurs in the presence of 
specific conditions, including dermatitis, otitis media, and GI problems. Further, these 
painful conditions may be associated with specific types of SIB or maladaptive behaviors 
that are only observed under particular circumstances. For example, otitis media has been 
associated with head banging, while SIB associated with Gastroesophageal Reflux 
disease (GERD) can specifically be observed around meal times in those with ID and 
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developmental disabilities (Kennedy & Thompson, 2000, as cited by Thompson and 
Carusso, 2002). An alternate theory is the “hyperactivity” of the opioid system 
characterized by elevated levels of endorphins secreted because of stress or anxiety that 
may lead to insensitivity to pain (Duerden et al. 2012). Support for the relationship 
between stress, anxiety, SIB and the opioid system is provided by findings of a 
dysregulation in the metabolism of a common substance that links all these different 
factors: proopiomelanocortin [PMOC] (Sandman, Spence, & Smith, 1999). This 
substance is released secondary to stress and anxiety and is cleaved in two products: the 
beta-endorphins [BE], known to have analgesic and addiction properties, and 
adrenocorticotropin hormone (ACTH) that stimulates different systems involved in the 
body responses to stress. The involvement of opioid system explains the use of opioids 
antagonists in some cases of SIB in ASD.  
The glutamate and Gamma-Aminobutyric (GABA) systems have also been 
studied in relation to SIB. The glutamate system is the principal excitatory 
neurotransmitter in the central nervous system and is functionally linked to the 
dopaminergic system (Minshawi et al. 2014b). Perturbations in the glutamate system may 
affect the dopaminergic system and lead to SIB, as described above. The GABA system 
is the primary inhibitory system in the central nervous system. While GABA agonists 
have been associated with self-biting in animals, the role of GABA in the occurrence of 
SIB in humans is not well understood (Major et al. 2009, as cited by Minshawi et al. 
2014b). Results concerning the involvement of the serotonin system in the occurrence of 
SIB have been inconsistent. Disturbances in the serotonin system may act through 
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changes in other neurotransmitter systems (Minshawi et al. 2014b). Different medications 
that act on the serotonin system have been used for the treatment of SIB. 
2.2.2 Environmental Factors 
Environmental factors assume that SIB have specific functions: self-regulation, 
attention, tangibles, or escape from tasks (Carr, 1977; Devine, 2014; Klonsky, 2007; 
Matson et al. 2011; Minshawi et al. 2014b; Mudford et al. 2008). In this context, SIB are 
considered as “behavior,” i.e. anything an individual does while he or she is interacting 
with the physical environment (Skinner, 1938, as cited by Minshawi et al. 2014b). There 
are factors that precede the behavior (antecedents) and those which follow the behaviors 
(outcomes, consequences). Considered as any types of behaviors, SIB can be learned 
through operant conditioning. The behavior is maintained because it can successfully 
bring the desired environmental change that acts as a positive or negative reinforcement 
for the behavior. Positive reinforcement results in the addition of something to the 
individual’s environment (attention, tangibles). In contrast, negative reinforcement leads 
to the removal of something from the environment (escape from tasks or other demands). 
In their study of SIB in children at risk for developmental delays, Kurtz et al. (2012) 
documented both instances of positive reinforcement (e.g., occurrence of SIB when the 
child did not get the requested items) and negative reinforcement (e.g., occurrence of SIB 
during meal times or diaper changes).  
The environmental theory of SIB is also used to explain SIB that occurs without 
any external changes. In some children with SIB, these behaviors result in maintaining a 
state of internal homeostasis (automatic reinforcement or self-regulation). These changes 
may have positive (pleasure) or negative (relief from internal discomfort) effects 
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(Mudford et al. 2008). Based on Thompson and Carusso (2002), the organism needs 
equilibrium, a steady state obtained through inputs from vestibular, motor, sensory 
systems. When this steady state is not obtained, SIB may be used as a way to regulate 
arousal in those with low stimulation (hypo-arousal) or high stimulation (hyper-arousal). 
These changes in arousal are secondary to the liberation of dopamine and endogenous 
opioids in the ventral tegmentum and nucleus accumbens. This effect is similar to the use 
of stimulants or opiates (Thompson & Caruso, 2002). The self-regulation function of SIB 
may explain the occurrence of these behaviors in specific circumstances, such as in noisy 
and crowded places [overstimulation], institutional settings, or among those who are 
blind [understimulation] (Thompson & Caruso, 2002). Based on the self-regulation 
theory, SIB may be similar to other repetitive behaviors (body-rocking, hand flapping, 
jumping), maladaptive behaviors (meltdowns, temper tantrums, irritability). They also 
may be considered as a type of obsessive-compulsive behaviors that are used to control 
anxiety in those with ASD (Samson, Hardan, Podell, Philips, & Gross, 2014; Thompson 
& Caruso, 2002). A number of studies have reported disturbances in the level of arousal, 
such as over-reactivity to sensory stimuli, or slow response to stimuli in those with ASD 
(Klintwall et al. 2007; McDonnell et al. 2015).  
2.2.3 Different Proposed Models  
The involvement of biological and environmental factors in the occurrence of SIB 
has led researchers to propose different models or theories to explain the occurrence of 
SIB. Carr (1977) reviewed five types of hypotheses of SIB: positive reinforcement, 
negative reinforcement, self-stimulatory, organic, and psychodynamic (self-identity). 
Despite this characterization, this researcher cautioned that in most cases of SIB, these 
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different hypotheses are interrelated. This interrelationship among hypotheses was 
confirmed by Guess & Carr (1991) who proposed a complex model that suggested a 
sequential relationship between the different hypotheses. Based on this model, SIB 
should be considered on a continuum: the behaviors may have started as being internally-
regulated (organic hypothesis), or adaptive responses to under or over stimulating 
environments (self-regulation), and end as learned behaviors (external environmental) to 
control the behaviors of those in the immediate environment, including family members, 
caregivers, teachers, and health care providers (negative and positive reinforcement). For 
example, SIB that may have started because of a physical discomfort (ear pain, 
abdominal pain, constipation, sleep deprivation, painful menses) may evolve to occur as a 
way to escape demands from others (parents, caregivers, and teachers) through negative 
reinforcement (Thompson & Carusso, 2002).  
Another model of SIB that emphasized the role played by the lack of social 
interaction (impoverished environment, lack of stimulation) was described by Devine 
(2014). This model is based on findings from studies among orphan children from 
Romania who lived in isolation before adoption in the US, animal models of SIB, and 
other human studies (Beckett et al. 2012; Kauffman et al. 2010). According to Devine 
(2014), deficits in social interaction (i.e., living in isolation or inability to engage the 
immediate environment) leads to failure in the development of specific cortical, limbic, 
sensory and motor circuits. This failure will result in the occurrence of hyperactivity, 
stereotypies, impulsivity, and SIB, as a compensatory mechanism. Though this model 
focuses primarily on the deficit in social interaction, it also recognizes the multifactorial 
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nature of SIB, such as the effects of biological factors, including genetics (e.g., deficit in 
human serotonin transporter, tryptophan hydroxylase).  
In those with mental disorders, Klonsky (2007) described six possible functions of 
SIB: affect-regulation, anti-dissociation, anti-suicide, interpersonal boundaries, inter-
personal influence, self-punishment, and sensation-seeking (arousal). Some of these 
functions are similar to those reported in developmental disabilities, as described above. 
Detailed descriptions of these different etiologic theories of SIB can be found in relevant 
publications. (Carr, 1977; Devine, 2014; Guess & Carr, 1991; Klonsky, 2007). 
2.3 Assessment of Self-Injurious Behaviors 
 There are two major ways to document the presence of SIB: indirect assessment 
from parents, teachers, and other caregivers (interviews, questionnaires) and direct 
observation of these behaviors during clinical encounters. Standardized and non-
standardized questionnaires/interviews have been used to assess current, or ever SIB. It is 
important to note that most available instruments assess the presence of SIB, in addition 
to other maladaptive behaviors. The instruments frequently reported in the literature 
include: the Behavior Problems Inventory [BPI] (Rojahn, Matson, Lott, Esbensen, & 
Smalls, 2001); the Parental Concerns Questionnaire [PCQ] (McGrew et al. 2007); the 
Social Communication Questionnaire [SCQ] (Rutter, Bailey, & Lord. 2003); the 
Vineland Adaptive Behaviors Skills [VABS] (Sparrow, Balla, & Cichetti, 1984); the 
ADI-R (Lord, Rutter, & LeCouteur, 1994); the Repetitive Behavior Scale-Revised  
[RBS-R] (Lam & Aman, 2007); The Baby and Infant Screen for Children with aUtIsm 
Traits Part3 [BISCUIT-Part 3] (Matson, Boisjoli, & Wilkins, 2007); The Aberrant 
Behavior CheckList [ABC] (Aman & Singh, 1986). Most of these instruments do not 
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include detailed description of the different types of SIB. A few instruments have been 
used to assess the severity of SIB: the ABC and the Self-Injury Trauma—[SIT] Scale 
(Iwata, Pace, Kissel, Nau, & Farber, 1990). The SIT is the only instrument that includes 
information on different types of SIB and evidence of any healed injury, location, and 
severity of SIB. The SIT also provides a Number Index, Severity Index, and an Estimate 
of Current Risk. Direct observation of SIB by the examiner, caregiver, or teacher can be 
done at school, home, during routine clinic visits, or during standardized testing, such as 
the ADOS-G (Lord et al. 2000). Direct observation of the child provides the opportunity 
to document antecedents and consequences of SIB. 
2.4 Prevalence of Self-Injurious Behaviors 
A number of studies that mostly included small clinical samples have reported on 
the prevalence of SIB in ASD using questionnaires, interviews, or records (Ando and 
Yoshimura, 1979; Baghdadli et al. 2003; Buono et al. 2010; Duerden et al. 2012; Ming et 
al. 2008; Rattaz et al. 2015; Richards et al. 2012). Furthermore, other studies have been 
published on the prevalence of SIB in conjunction with other maladaptive behaviors 
(Goldman et al. 2011; Horovitz et al. 2011; Matson et al. 2008; Matson et al. 2010; 
Murphy, Healy, & Leader, 2009; Nicholas et al. 2008; Obi et al. 2010 [unpublished data]; 
Petty, Bacarese-Hamilton, Davies, Hamilton, 2014; Schroeder et al. 2014).  
The reported lifetime prevalence of SIB in these studies ranged from 15 to 53%. 
The variability on the reported prevalence is due to a number of factors, including 
sampling design (clinical vs. population-based), definition of SIB used (i.e., whether 
tissue damage was required as part of definition), type of behaviors labeled as SIB, and 
age of participants included in the study. In general, studies that used small clinical 
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samples reported higher prevalence compared to those that used population-based 
samples. For example, more than half of children with ASD included in Baghdadli et al. 
(2003), Duerden et al. (2012), and Richards et al. (2012) studies displayed some forms of 
SIB, but only 35% of those who met the surveillance criteria for ASD in the South 
Carolina ADDM site had SIB in their records (Nicholas et al. 2008). Further, using data 
from the 2000 and 2006 study years in the ADDM Network, Obinuju et al. (2010) 
reported a prevalence of SIB of 27.5%. While these studies provide information on the 
prevalence of SIB in ASD, these data, from small clinical samples studies, may be 
affected by selection bias because of inclusion of more severe cases of ASD and those 
without barriers to access to services. Therefore, these data may not provide accurate 
estimates of the true prevalence of SIB in ASD and large epidemiological studies with a 
primary aim of documenting the prevalence of SIB in children with ASD are needed. 
Studies that included small clinical samples have also compared the prevalence of 
SIB between ASD and other developmental conditions. In general, the prevalence of SIB 
in ASD was higher compared those with other developmental disabilities, such as ID, 
visual impairments, language and seizure disorders (Baghdadli et al. 2003; Berkson & 
Tupa, 2000; Dominick et al. 2007; MacLean et al. 2010; McClintock et al. 2003; 
Schroeder et al. 2014; Smith & Matson, 2010). For instance, in a meta-analysis of studies 
published in ID, the prevalence of SIB varied between 10-20% and the presence of ASD 
comorbid condition increased the risk for the occurrence of SIB (McClintock et al. 2003). 
Richards et al. (2012) and Schroeder et al. (2014) reported a higher prevalence of SIB in 
ASD compared to those with Down Syndrome (DS), but the prevalence was not different 
between ASD and Fragile X syndrome [FXS].  
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2.5 Trends in the Prevalence of Self-Injurious Behaviors 
 Birth cohort effects or “generation effects” are conceptualized as variations in the 
risk of a health outcome according to the year of birth, often coinciding with shifts in the 
population exposure to risk factors that occur overtime (Last, 2001). Numerous studies 
have confirmed the existence of birth cohort effects in the prevalence of ASD (CDC, 
2000; CDC 2014; Keyes et al. 2012; Mazurek et al. 2014; Rice et al. 2010; Schieve et al. 
2012). For example, Rice et al. (2010) reported a 78% increase in the prevalence of ASD 
among 8-year-old children in the US between the 1992 and 2000 birth cohorts in the 
ADDM Network. However, to our knowledge, no studies have explored potential birth 
cohort effects on the prevalence of SIB among children with ASD. A number of factors, 
such as, the increase in awareness of co-occurring conditions in ASD, including SIB 
among parents or providers; differences in available interventions and treatments between 
birth cohorts; differences in exposure to environmental factors between birth cohorts, and 
the increase in parental age at the time of the first child’s birth, may all contribute to the 
occurrence of a birth cohort effect on the prevalence of SIB in ASD. In light of lack of 
relevant data on the possible trends in the prevalence of SIB, we alternatively compared 
the reported prevalence of SIB in different studies based on their time of publication. In 
general, we found that studies published more recently (Baghdadli et al. 2003; Duerden et 
al. 2012; Rattaz et al. 2015; Richards et al. 2012) reported much higher prevalence of SIB 
compared to studies published earlier (Bartak & Rutter, 1976; Griffin et al. 1987). While 
such historical comparisons may provide indirect evidence of a birth cohort effects on the 
prevalence of SIB in ASD, these findings may be biased by the mixing of age and period 
effects. Therefore, there is a need for studies that can control for the effect external 
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factors by comparing the prevalence of SIB in ASD in the same population during 
different time periods using the same methodology and age ranges.  
2.6 Risk Factors for Self-Injurious Behaviors 
Two literature reviews have been published on the different studies that have 
explored risk factors for SIB in ASD (Minshawi et al. 2014a; Weiss, 2002). These 
reviews documented a number of risk factors associated with SIB in ASD. The focus of 
this literature review is primarily on studies of SIB in ASD, however, studies of SIB in 
those with ID will also be reviewed, if these studies included a substantial proportion of 
participants with ASD, or when specific studies of SIB in ASD are inconsistent on a 
particular risk factor. In general, studies can be categorized in two groups: exploratory 
studies (i.e., those without a pre-specified risk factor of interest), and hypotheses-driven 
studies that assessed the association between SIB and a primary predictor, while 
adjusting for the effects of other variables. One important limitation that is shared by 
most of these studies is the use of small clinical samples. Findings from these types of 
studies are more likely to be influenced by selection bias because of inclusion of severe 
cases and those with access to services. In addition, these studies may have insufficient 
power because of the small sample size. This review is organized in seven sections: 
sociodemographic, behavioral, developmental, somatic conditions, other diagnoses, 
prenatal, perinatal, neonatal, and longitudinal changes. 
2.6.1 Sociodemographic Risk Factors 
 The associations between SIB and number of sociodemographic factors, such as 
child’s chronological age, sex, and race, family social class and income have been 
explored in past studies. 
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2.6.1.1 Chronological Age of the Child 
Conflicting findings have been reported on the association between SIB and 
chronological age. For instance, some studies have identified a negative association 
(Baghdadli et al. 2003; Esbensen et al. 2009; Ming, Brimacombe, Chaaban, Zimmerman-
Bier, & Wagner, 2008; Schroeder et al. 2014), while other studies did not find any 
significant effect (Billstedt et al. 2005; Chowdhury, Benson, & Hillier, 2010; Duerden et 
al. 2012, McTierman et al. 2011). In a cross-sectional study that included participants 
aged 2-62 years, Esbensen et al. (2009) confirmed the reduction in the prevalence and 
severity of SIB in older ages compared to younger children. However, in a sample of 
high-functioning children with ASD, Chowdhury et al. (2010) did not find any 
association with age. These conflicting findings may result from methodological 
differences, including sample size and the age ranges of participants included in these 
different studies. In general, findings from clinical reports have suggested that the 
prevalence of SIB in ASD increases after the age of 6 years, peaking during adolescence 
and decreasing during adulthood (Duerden et al. 2012). Therefore, studies that may 
include high proportions of younger children may fail to find significant effects of age. 
Brain maturation that occurs with age, improvement in cognitive, adaptive and motor 
skills, and possible effects of different types of interventions received may all contribute 
to differences in the prevalence of SIB between different ages strata (age effect).  
2.6.1.2 Sex of the Child 
Sex differences have been consistently reported in the prevalence of ASD. Studies 
have reported a ratio male to female of 4 to 1 (CDC, 2012; Shattuck et al. 2009). Most 
studies have not documented significant sex differences in the occurrence of SIB in ASD 
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(Baghdadli et al. 2003; Duerden et al. 2012; Kozlowki & Matson, 2012; Kozlowski, 
Matson & Rieske, 2012; McTierman et al. 2011; Murphy et al. 2009; Rubenstein, 
Wiggins, & Lee, 2015). However, other studies, mostly in those with ID, have reported 
higher occurrence of SIB in females compared to males (Cohen, Tsiaris, Flory, Kim, & 
Freedland, 2010; Crocker et al. 2009; Deb, Thomas, & Bright, 2011; Frazier, Georgiades, 
Bishop, & Hardan, 2014). Researchers have argued that the reported association between 
female sex and SIB found in some studies may be due to inclusion of a high proportion of 
females with lower IQ. There are valid reasons that may explain possible sex differences 
in the occurrence of SIB in ASD. For instance, other challenging behaviors, such as 
aggression and hyperactivity, which may be related to SIB, are more prevalent in males 
versus females (Lee, Baillargeon, Vermunt, Wu, & Tremblay, 2007; Giarelli et al. 2010; 
McClintock et al. 2003; Rubenstein et al. 2015). Furthermore, sex differences have also 
been reported in the core symptoms of autism (Hartley & Sikora, 2009; Sipes, Matson, 
Worley, & Kozlowski, 2011) and in the occurrence of genetic syndromes that may 
increase the risk for SIB (Richards et al. 2012). Lastly, in females with ID, clinical 
reports have confirmed the occurrence of cyclical behavioral changes, including SIB 
during puberty. These changes may be due to pain during menses (Quint, 2008). Thus, 
sex differences in SIB should be explored in large studies, since the lack of associations 
may be due to the small sample size in these studies. 
It is also important to assess whether the associations between SIB and potential 
risk factors in ASD vary according to child’s sex, as similar findings have been reported 
by others. For example, Braun et al. (2011) reported that prenatal exposure to Bisphenol 
was significantly associated with increased behavior disturbances and poor emotional 
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regulation in females, but the association was null or negative in males. However, two 
studies in ASD did not find significant effect modification by sex on the association 
between SIB and chronological age (Esbensen et al. 2009) or on the association between 
challenging behaviors and diagnostic classification (Kozlowki & Matson, 2012). The 
failure to detect significant interactions in these studies may be due to lack of power due 
to the small sample size.  
2.6.1.3 Race/Ethnicity of the Child 
While the majority of studies in the US have confirmed higher prevalence of ASD 
in Non-Hispanic White (NHW) children compared to minorities, this gap has been 
decreasing recently (Pedersen et al. 2012; CDC, 2012; CDC, 2009). Factors, such as 
limited access to services among minorities have been frequently suggested as reasons for 
these differences. However, a recent study by Becerra et al. (2014) in California that 
offered free evaluation of children reported higher prevalence of ASD among Hispanics 
and Non-Hispanic African American (NHAA) children versus NHW children. In general, 
most studies have not found racial or ethnic differences in the occurrence of SIB in ASD 
(Horovitz et al. 2011; Obinuju et al. unpublished data; Sell et al. 2012). In contrast, some 
studies in the ID population have reported significant racial differences. For example, in a 
study that included older participants with ID, Horovitz, Matson, Hattier, Tureck, and 
Bamburg (2013) did not find a main effect for race but a significant interaction between 
race and diagnostic group, such as NHAA participants with ASD were less likely to 
report maladaptive behaviors than NHW. However, in those without comorbid ASD, 
NHAA participants were more likely to report maladaptive behaviors than NHW. More 
research, using large epidemiological studies is needed, as significant racial differences 
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have been documented in other potential risk factors for SIB, such as severity of ASD, 
cognitive skills, attention and sleep problems, and other maladaptive behaviors (Chaidez 
et al. 2012; Hartley, Sikora, & McCoy, 2008; Jang, Matson, Cervantes, & Goldin, 2013; 
Liptak et al. 2008; Sell et al. 2012). 
2.6.1.4 Family Income and Documented Diagnosis of ASD in the Records 
These two socioeconomic factors may be considered proxies for access to health 
care or other community-based services. In the US, studies have confirmed higher 
prevalence of ASD in those with high income (Bhasin & Schendel, 2007; Durkin et al. 
2010; Thomas et al. 2012), but an inverse relationship has been described in other 
countries, such as Japan and Sweden (Fujiwara, 2014). The effect of access to services in 
the occurrence of SIB in ASD has not been fully studied. We found two studies, outside 
of the US, that examined the association between SIB and family social class or income 
in children with ASD. In France, Baghdadli et al. (2003) did not find a significant 
association between SIB and parental social class in children with ASD. Schroeder et al. 
(2014) reported higher mean scores on the SIB subscale of the Behavior Problems 
Inventory (BPI) in children from families with high income compared to low income 
families in Peru. Differences in access to services between these two countries and the 
US limit the applicability of these findings in our context. It is important for studies of 
SIB in ASD to explore the effect of factors that are related to access to services, as they 
may influence the presence of SIB through differential access to interventions that may 
target risk factors for SIB. For instance, Liptak et al. (2008) found that families of 
children with ASD who had higher annual income received a greater number of autism-
related services and reported fewer barriers to service use, compared to those with lower 
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income. Similarly, Irvin, McBee, Boyd, Hume, and Odom (2012) reported that families 
with higher Socio-economic status (SES) were more likely to enroll their children in 
occupational therapy and applied behavioral analysis (ABA) interventions. It is possible 
that these interventions may affect a number of risk factors for SIB, such as cognitive and 
adaptive skills, behavioral issues, and influence the prevalence of SIB in ASD. 
2.6.1.5 Parental Level of Education 
Schroeder et al. (2014) did not find any significant association between SIB and 
parental education in Peru. Paternal and maternal educational levels are important 
determinants of family SES and access to services. Parental level of education may 
influence the prevalence of both ASD and SIB, as children whose parents have higher 
education are more likely to have better access to services than children whose parents 
had lower education. For instance, Bickel et al. (2015) reported an association between 
younger age at the time of ASD diagnosis and high maternal education in the US. 
However, in Japan, Fujiwara (2014) reported an association between low maternal 
educational achievement and suspected ASD on the Modified-Check List for Autism [M-
CHAT] (Robins, Fein, Barton, & Green, 2001), but no associations were found with 
paternal education and family income. Parental education may affect the level of health 
literacy (Patten et al. 2013; Thomas et al., 2007). On the other hand, low maternal level 
of education may also be a marker for engaging in unhealthy behaviors, such as smoking, 
alcohol and drug abuse; or having low coping skills (Mathews, 2011; Yu, Park, 
Schwalberg, 2002). Therefore, the independent effect of parental education on the 
occurrence of SIB is worth assessing.  
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It is also possible that parental education may modify the associations between 
SIB and other risk factors, as similar findings have been reported by others. For instance, 
Schieve et al. (2010) found that the association between IQ and preterm birth in NHW 
children was only significant among mothers with a high school education or less. 
Further, the relationship between rating of autism symptoms and maternal age varied 
according to the level of maternal education (Hattier, Matson, Belva, & Adams, 2013).  
2.6.1.6 Parental Age at the Time of the Child’s Birth 
The association between advanced paternal or maternal age and ASD has been 
confirmed in numerous studies (Bilder, Pinborough-Zimmerman, Miller, & McMahon, 
2009; Durkin et al. 2008; Hultman, Sandin, Levine, Lichtenstein, & Reichenberg (2010); 
Sandin et al. 2012; Zhang et al. 2010). In addition, most studies have also reported a 
dose-response effect on the association between parental age and ASD. This association 
may be the result of a trend in delaying childbearing documented in the US (Martin et al. 
2012). We did not find any studies that looked specifically at the possible association 
between SIB and maternal or paternal age at the time of the child’s birth. Parental age 
may be an important factor to consider for a number of reasons. First, increased parental 
age is positively associated with known genetic syndromes in the offspring, some of 
which may be associated with developmental and behavioral abnormalities that are 
related to SIB (Yoon et al. 1996). Next, advanced parental age is also associated with 
higher SES, better access to services, and greater maturity. In contrast, younger maternal 
age may be associated with increased perinatal risk factors (e.g., complications of labor, 
prematurity, low birth weight) and lower SES (Fraser, Brockert, & Ward, 1995; Phipps, 
Blume, & DeMonner, 2002). All these factors may lead to a potential association 
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between SIB and parental age. Large population-based studies are needed to assess these 
relationships in children with ASD. 
2.6.1.7 Maternal Marital Status 
To our knowledge, no studies have assessed the effect of maternal marital status 
on the risk of SIB in ASD. Maternal marital status may be a proxy for the level of support 
received or the level of stress experienced during pregnancy. Few studies have confirmed 
the association between stressful events during pregnancy and the risk of ASD in the 
offspring (Beversdorf et al. 2005; Kinney et al. 2008; Roberts, Lyall, Rich-Edwards, 
Ascherio, & Weisskopf, 2015). Furthermore, maternal depressive symptoms during 
pregnancy were found to be higher in single mothers compared to married women 
(Hobfoll, Ritter, Lavin, Hulsizer, & Cameron, 1995). Maternal marital status during 
pregnancy may affect neurodevelopment. For instance, high levels of stress during 
pregnancy may affect placentation, dysregulate the locus coeruleus-noradrenergic system 
and the hypothalamic-pituitary-adrenal axis (Kinney et al. 2008; Roberts et al. 2015). 
Similarly, stressors during pregnancy have been associated with cognitive, language, and 
attention deficits; anxiety and hyperactivity in the offspring (Bergman, Sarkar, O’Connor, 
Modi, & Glover, 2007; King & LaPlante, 2005). Single mothers are more likely to have 
limited financial resources and support systems during pregnancy, making them at high 
risk for occurrence of psychosocial factors (depression, stress) that may affect the quality 
of mother-child interactions (Waters, Hay, Simmonds, & Van Goozen, 2014). All the 
above factors may explain a potential association between SIB and maternal marital 
status. Therefore, the effect of maternal marital status, as a proxy for maternal stress 
during pregnancy, should be evaluated in large studies of SIB in ASD. 
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2.6.2 Developmental Risk Factors 
The following three developmental factors have been studied for their potential 
associations with SIB in ASD: IQ, adaptive behaviors skills, and developmental 
regression. This section will review findings from these different studies. 
2.6.2.1 Intellectual Quotient (IQ) 
IQ is among the most studied risk factors for SIB in both ID and ASD 
populations. Estimates of the prevalence of ID (i.e., IQ<70) in ASD have varied over 
time. Original studies have reported prevalence up to 70% (Ando & Yoshimura, 1979), 
but more recent studies found much lower prevalence [23%] (Schieve et al. 2010). Most 
studies in ASD have confirmed a negative association between SIB and IQ scores (e.g., 
Bartak & Rutter, 1976; Duerden et al. 2012; Esbensen et al. 2009; McTierman et al. 
2011; Gabriels et al. 2005; Murphy et al. 2009; Poutska & Lisch, 1993). In a meta-
analysis of studies of challenging behaviors in those with ID, a significant association 
was reported between SIB and the severity of ID. Different mechanisms have been 
proposed to explain the association between IQ and SIB. As reported by Duerden et al. 
(2012), the association between IQ and SIB may be due to the fact that children with low 
IQ may not comprehend the consequences of their actions, or find less harmful activities 
on which to focus. Further, they may not learn about pain or have fear of pain due to 
impaired memory systems. Other possible mechanisms, including the relation between IQ 
and severity of core autistic symptoms, developmental regression, adaptive behavior 
skills, other maladaptive behaviors have also been proposed (Goldin, Matson, and 
Cervantes, 2014; Matson & Shoemaker, 2009; O’Brien & Pearson, 2004). However, a 
few studies did not find significant associations between IQ and SIB. For example, 
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MacLean et al. (2010) and Schroeder et al. (2014) reported no association between SIB 
and IQ. These studies included very young children who had diverse types of 
developmental delays and this may explain the lack of associations. 
Exploring whether IQ may modify associations between SIB and other risk 
factors in children with ASD may be important, since researchers have documented 
significant effect modification by IQ on other associations. For example, in the ADDM 
Network, Kalkbrenner et al. (2012) found that the association between maternal smoking 
and the risk of ASD was only significant in those with higher IQ. Likewise, Timonen-
Soivio et al. (2014) reported that the association between congenital anomalies and ASD 
was stronger among those with ID compared to those with higher cognitive skills. 
2.6.2.2 Adaptive Behavior Skills 
Adaptive behavior skills are age-appropriate behaviors and skills, including self-
care, expressive and receptive language, toileting, or dressing that allow individuals to 
function independently in the society (Kanne et al. 2011). In general, studies found 
adaptive behavior skills to be less developed compared to cognitive skills in children with 
ASD (Kanne et al. 2011; Perry, Flanagan, Geier, & Freeman, 2009). The association 
between SIB and adaptive behaviors skills in ASD has not been extensively studied.  
A few studies have confirmed a significant relationship between lower adaptive behavior 
skills and increased risk of SIB in ASD (e.g., Baghdadli et al. 2003; Duerden et al. 2012). 
This association may be due to a number of factors. The inability of children with low 
adaptive behavior skills to interact with their immediate environment can lead to the 
occurrence of SIB (Devine, 2014; Guess & Carr, 1991). It is also possible that limited 
abilities to perform the activities of daily living may lead to frustrations that can be 
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expressed as SIB. Adaptive behavior skills have also been associated with other risk 
factors for SIB, such as IQ (Ray-Subramanian, Huai, & Weismer, 2011), autism severity 
(Cervantes & Matson, 2015; Kenworthy, Case, Harms, Martin, & Wallace, 2010), other 
maladaptive behaviors (Park, Yelland, Taffe, & Gray, 2012), and developmental 
regression (Goin-Kochel, Esler, Kanne, & Huss, 2014). 
2.6.2.3 Developmental Regression 
Developmental regression is characterized by the cessation of acquisition of new 
skills (plateau), combined with a loss of previously-acquired skills. The loss may be 
sudden or gradual, affect all aspects of child development (motor, cognitive, and adaptive 
skills) or only one specific area (Stefanos, 2008; Williams, Brignell, Prior, Bartak, & 
Roberts, 2015 for review). On average, one third of children with ASD experience some 
type of developmental regression (Goin-Kochel et al. 2014; Hansen et al. 2008; Wiggins 
et al. 2009; Zhang et al. 2012). Lance, York, Lee, and Zimmerman (2014) assessed 
potential associations between developmental regression and maladaptive behaviors, 
including SIB in a sample of hospitalized children diagnosed with a number of different 
health conditions, including ASD (73% of the sample). There was no significant 
association between developmental regression and SIB or other challenging behaviors 
(aggression, disruptive behaviors). Similarly, using data from the state of Georgia, 
Wiggins, Rice & Baio (2009) did not find a significant association between 
developmental regression and SIB, or other maladaptive behaviors. However, these 
authors did find that children who regressed were more likely to have lower IQ and a 
previous diagnosis of ASD in their records, indicating high severity or better access to 
services. The lack of significant associations between SIB and developmental regression 
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may be due to limited power in these two studies. The relationship between 
developmental regression and SIB requires exploration in large epidemiological studies 
for a number of reasons. First, Lance et al. (2014) hypothesized that children who 
experience developmental regression may be at increased risk of SIB since they tend to 
revert back to younger behaviors, such as stereotypies that are known to be associated 
with SIB (Mahan, 2012; McTierman et al. 2011). Next, developmental regression has 
been associated with other risk factors of SIB, such as ID, low adaptive behavior skills, 
sleep and GI problems (Ekinci, Arman, Melek, Bez, & Berkem, 2011; Goin-kochel et al. 
2014; Wiggins et al. 2009). These associations may also increase the risk of SIB in those 
who experience developmental regression. 
2.6.3 Autism Severity 
The association between SIB and the severity of core symptoms of ASD has been 
explored in studies that used different types of instruments to assess severity. Some 
studies have looked at the association between SIB and the two core domains of ASD, 
and others have assessed associations with a specific ASD domain. Most studies have 
reported a positive association between SIB and the severity of core symptoms of ASD 
(Baghdadli et al. 2003; Dominick et al. 2007; Jang, Dixon, Tarbox, & Granpeesheh, 
2011; Matson, Wilkins, & Macken, 2009; Rattaz et al. 2015). Further, in those with ID, 
the presence of comorbid ASD increased the risk for SIB (McClintock et al. 2003). 
However, other studies did not detect this association. For instance, Duerden et al. (2012) 
used ADOS-G calibrated scores, as a measure of severity of ASD and did not find 
significant association between SIB and autism severity. Differences in the measures of 
severity used may explain these conflicting findings. Meanwhile, studies that assessed the 
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effect of specific domains of core symptoms of ASD (e.g. socialization, stereotypies) 
have consistently reported significant associations with SIB (Mahan, 2012; Matson et al. 
2010; McTierman et al. 2011). Likewise, in those with ID, Barnard-Brak et al. (2015) 
found a significant association between SIB and stereotyped behaviors. In their study, 
two types of stereotyped behaviors (body rocking and yelling) predicted five 
topographies of SIB (self-biting, head hitting, body hitting, self-pinching, and hair 
pulling). It is important to point out that most of the above studies, except Duerden et al. 
(2012), used measures of autism severity that are influenced by child’s age and verbal 
abilities. Gotham, Pickles, & Lord (2009) and Hus & Lord (2014) have proposed the use 
of ADOS-G calibrated scores, which are less correlated to age and verbal abilities. 
Therefore, future studies that assess the association between severity of ASD and SIB 
may benefit from using ADOS-G calibrated scores.  
2.6.4 Behavioral Risk Factors  
In those with ID or ASD, challenging behaviors, such as SIB, aggression, 
attention problems, hyperactivity, conduct and mood problems, temper tantrums have a 
tendency to cluster (Hill et al. 2014; Kozlowski & Matson, 2012; Kurtz et al. 2012; 
Matson, Cooper, Malone, & Moskow, 2008; Mazurek et al. 2013; Richards et al. 2012; 
Richman et al. 2013; Schroeder et al. 2014). The significance of these relationships is not 
clearly elucidated. As suggested by others, the clustering of these behaviors may reflect a 
shared etiology due to emotional dysregulation that will result in a lack of inhibition and 
the occurrence of maladaptive behaviors, including SIB, aggression, temper tantrums, 
hyperactivity, inattention and anger (Geller, 2005; Le Cavalier et al. 2006; Prinzant & 
Laurent, 2011; Quek, Sofronoff, Sheffield, White, & Kelly, 2012). Emotional regulation 
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is the capacity to willfully modulate the intensity of affective reactions and is a critical 
adaptive response to changing environmental demands (Parkinson & Tottedell, 1999, as 
cited in Richey et al. 2015). Deficits in executive function in those with ASD has been 
hypothesized to be the precursor to this emotional dysregulation. Researchers have 
documented emotional dysregulation in those with ASD. For instance, in a functional 
study that looked at reactions to different pictures showed to participants, emotional 
dysregulation was found in high-functioning adults with ASD compared to non-ASD 
controls. Those with ASD showed less activation in the nucleus accumbens, the 
amygdala, and the dorsolateral part of the prefrontal cortex (Richey et al. 2015). It has 
also been reported that those with emotional dysregulation were more likely to have low 
levels of total blood serotonin, leading to an increased risk of both SIB and aggression 
(Kolvezon et al. 2010; Moore, Scarpa & Raine, 2002).  
It is also possible that this clustering of maladaptive behaviors may be due to 
possible confounding by other factors, including IQ, adaptive behaviors, somatic 
problems sensory abnormalities, sleep and GI problems (Cohen, Conduit, Lockley, 
Rajaratnam, & Cornish, 2014; Hsiao, 2014; Sikora, Johnson, Clemons, & Katz, 2012),  
or to reporting bias by caregivers. Because of the disruptive nature of SIB and their 
effects on the caregivers, parents or other caregivers may consider these children as being 
“difficult”, and therefore, report these other maladaptive in questionnaires or during 
interviews. This may lead to spurious associations between SIB and other challenging 
behaviors. Thus, exploration of the association between SIB and other behavioral risk 
factors in large longitudinal studies, which can account for the effect of other risk factors 
and establish a temporal relationship between these factors, is warranted. 
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2.6.5 Somatic Conditions 
Past studies have mostly reported on the association between SIB and three 
somatic conditions: sensory abnormalities, GI and sleep problems. Though this review 
will focus only on these three conditions, Minshawi et al. (2014b) provided a detailed list 
of somatic conditions, including ear, dental, and urinary tract infection, dysmenorrhea, 
nephrolithiasis that may potentially be associated with SIB.  
2.6.5.1 Sensory Abnormalities 
Abnormalities in sensory processing in ASD have been confirmed in numerous 
studies (e.g., Duerden et al. 2014; Klintwall et al. 2011; McDonnell et al. 2015; Rogers, 
Hepburn & Wehner, 2003). For example, in their study, Klintwall et al. (2011) reported 
that up to 76% of children with ASD presented at least one abnormal sensory domain. 
Different types of sensory disturbances were observed: over-reactivity to sound (44%), 
under-reactivity to pain (40%), under-reactivity to cold (22%), over-reactivity to touch 
and abnormal reactions to visual stimulations (19%), and under-reactivity to heat (2%).  
The association between SIB and abnormalities in sensory processing is an area 
that is understudied. Gabriels et al. (2008) reported significant correlations between 
restrictive, repetitive behaviors, including SIB and the presence of sensory abnormalities. 
Duerden et al (2012) used information on the ADI-R and found that abnormalities in 
sensory processing were the most important predictors of SIB in their study. In line with 
their preceding findings, Duerden et al. (2014) also documented anatomical changes in 
the sensory regions on the brain of children with SIB, characterized by reduction in 
thickness of both the right superior parietal lobule and the primary somatosensory 
cortices. Diverse mechanisms have been proposed to explain the association between SIB 
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and sensory abnormalities. For some, this relationship is mediated through the effect of 
the sensory system in regulating arousal. McDonnell et al. (2015) reported on the 
importance of the level of arousal in both understanding and managing challenging 
behaviors in ASD. Some types of challenging behaviors may be specific responses to a 
low arousal state in ASD. This finding is consistent with the sensation-seeking model of 
SIB (Carr, 1991; Klonsky, 2007). The association between SIB and sensory abnormalities 
may also be due to the hyperactivity of the opioid system (Duerden et al. 2012) or the 
inability to express pain of diverse origins in children with ASD who have limited verbal 
abilities (Carr & DeShryver, 2000). 
Abnormalities in sensory processing have also been associated with other risk 
factors of SIB in ASD. For instance, Lidstone et al. (2014) reported correlations between 
sensory abnormalities and restricted, repetitive and stereotyped behaviors. Similarly, 
Brock et al. (2012) found correlations between sensory abnormalities and temperament. 
More studies that explore the independent association between sensory abnormalities and 
SIB in ASD in large samples of children with ASD are needed. 
2.6.5.2 Sleep Problems 
In a developing child, sleep serves many important functions, such as energy 
conservation, memory consolidation, and cognition (Stores & Wiggs, 1998). Sleep 
disturbances are frequently reported in children with ASD compared to both typically-
developing children (Cohen et al. 2014; Goodlin-Jones et al. 2008), and those with other 
developmental disabilities (Cotton & Richdale, 2006; Krakowiak et al. 2008). In a review 
by Mannion and Leader (2014), the prevalence of sleep disturbances in ASD varied 
between 33.0 and 80.9%. The etiology of sleep disturbances in ASD is multifactorial, 
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including inability to develop a normal circadian rhythm that is synchronized with the 
environmental light-dark cycle, melatonin deficiency, presence of comorbid painful 
conditions or associated neuropsychiatric conditions, and possible side effects of 
medications (Cohen et al. 2014; Liu, Hubbard, Fabes, & Adam, 2006; Reynolds & 
Malow, 2011; Rossignol & Frye, 2011).  
The association between sleep disturbances and SIB in ASD has been reported in 
past studies. For example, Goldman et al. (2011) found that compared to those without 
sleep problems, poor sleepers were 2.4 times more likely to show SIB, 1.7 times more 
likely to have aggression, 1.5 times more likely to have anxiety, 1.4 times more likely to 
have social interaction problems. Similarly, Adams, Matson, and Jang (2014) found that 
those without sleep problems had lower mean total, internalizing, and externalizing 
behaviors scores compared to those with mild or severe sleep problems. Likewise, a 
review published by Cohen et al. (2014) also reported the association between sleep 
disturbances and behaviors problems in ASD. 
The mechanism of the association between sleep and SIB is complex. In those 
with ID, Symons, Davis, & Thompson (2000) proposed a mechanism that could explain 
this association through a reciprocal relationship between the endogenous opioid system 
and Rapid Eye Movement (REM) sleep disturbances. These authors postulate a cycle of 
SIB, opioid release, and sleep deprivation, in which SIB results in the release of 
endogenous opioids that bind to opioid receptors leading to reduction in REM sleep. Over 
time, there is a down-regulation of the opioid system requiring high levels of SIB to 
avoid opioid withdrawal symptoms, leading to more sleep disturbances. While this model 
may explain how SIB may lead to sleep disturbances, Symons et al. (2000) also 
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acknowledged that the relation between SIB and sleep problems may be bidirectional. 
Sleep deprivation may be associated with fatigue, irritability and increases the likelihood 
of SIB occurrence, as those with sleep disturbances may be less likely to engage in 
behaviors that favor interactions, but use SIB as a way to escape interactions (negative 
reinforcement). On the other hand, it is also possible that those who engage in SIB may 
sleep fewer hours or sleep more hours the following days to compensate for the lack of 
sleep due to SIB. The association between sleep and SIB may also involve other 
neurotransmitters beside the opioid system (dopamine, serotonin, and melatonin). While 
deficit in melatonin in those with ASD has been reported in most studies (Rossignol & 
Frye, 2011). Chamberlain & Herman, 1990 (as cited in Symons et al. 2000), suggested 
the presence of a high levels of melatonin in a subset of subjects with SIB. This will 
result in hyposecretion of POMC, hyposecretion of serotonin and hypersensitivity of 
opioids receptors, which all are promoting factors of SIB.  
Sleep disturbances have also been related to other risk factors for SIB, such as GI 
problems, severity of ASD symptoms, lower cognitive and adaptive skills, developmental 
regression, other maladaptive behaviors, and sensory abnormalities (Hill et al. 2014; 
Mannion & Leader, 2014; Mannion et al. 2013; Park et al. 2012; Sikora, Johnson, 
Clemons, & Katz, 2012; Taylor, Schreck & Mullick, 2012). However, Adams, Matson, 
Cervantes, and Goldin (2014) cautioned that the relation between sleep problems and 
severity of ASD symptoms may be bidirectional. Because of the interrelations between 
sleep problems and other risk factors for SIB, Adams et al. (2014) suggested that the 
independent effect of sleep problems should be explored in large studies that can control 
for the effect of these other risk factors. 
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2.6.5.3 Gastrointestinal Problems 
Gastrointestinal problems are frequently reported in ASD. A meta-analysis by 
McElhanon, McCracken, Karpen, and Sharp (2014) revealed that children with ASD had 
more GI problems than those without ASD (OR=4.42). Constipation (OR=3.86); diarrhea 
(OR=3.63); and abdominal pain (OR=2.45) were the most prevalent GI problems 
reported. A review by Mannion and Leader (2014) reported that the prevalence of GI 
disturbances varied from 9 to 91% in ASD. Further, these authors also documented 
significant associations between GI problems and maladaptive behaviors, sleep problems, 
developmental regression, and sensory abnormalities. The etiology of GI problems in 
ASD is complex, including the presence of conditions such as Gastroesophageal Reflux 
Disease (GERD), constipation, abdominal pain and side effects of medications (Kennedy 
& Thompson, 1999). Clinical case reports and small studies have found significant 
associations between SIB and GI problems, but large studies have failed to report them. 
For example, Christensen et al. (2009) reported on a case of a child with SIB associated 
with chronic constipation. These behaviors completely resolved after the child received a 
bowel cleanout. Chaidez et al. (2014) found that children with ASD who had 
constipation, diarrhea, abdominal pain, gaseousness, and pain on stooling scored worse 
on irritability, social withdrawal, stereotypy, and hyperactivity scales of the Aberrant 
Behavior Checklist [ABC] (Aman & Singh, 1986). Similarly, an association between GI 
problems and challenging behaviors, including SIB was reported among those with 
developmental disabilities (Bohmer, 1996, as cited by Thompson &Carusso, 2002). 
Whereas, in the ADDM Network, Maenner et al. (2012) did not find significant 
associations between GI problems and SIB, but those with GI problems were more likely 
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to have argumentative, oppositional, and destructive behaviors. Likewise, in a clinical 
sample of children with ASD, Kang, Wagner, and Ming (2014) reported no significant 
associations between GI problems and SIB, aggression, and irritability. These conflicting 
findings may be due to the broader definition of GI problems used in most 
epidemiological studies or possible confounding by other factors in clinical case reports, 
since GI problems are associated with other risk factors for SIB, such as irritability and 
sleep problems (Mannion & Leader 2014; Mazefsky, Schreiber, Olino, & Minshew, 
2014). Failure to control for these other factors may have resulted in spurious 
associations in clinical case reports. 
Different mechanisms have been proposed to explain the association between GI 
and SIB. Hsiao (2014) reported that the presence of pain related to GI problems can 
potentiate problem behaviors, or may be associated with specific types of SIB that are 
localized to the abdomen or in other areas of the body to detract from GI pain. It is also 
possible that pain related to GI disturbances, such as GERD can also sometimes be 
expressed as SIB in those with limited communication skills (Carr & DeShryver, 2000). 
Kennedy and Thompson (2000, as cited by Thompson and Carusso, 2002) found that SIB 
associated with GERD can be specifically observed in specific circumstances, such as 
around mealtimes in those with intellectual or developmental disabilities. This is an 
important detail for the functional assessment of this type of SIB. 
2.6.6 Other Clinical Diagnoses 
A number of specific conditions, including genetic, neurologic, psychiatric, and 
developmental have been reported in those with ASD. The association between SIB and 
some of these conditions has also been explored in past studies. 
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2.6.6.1 Genetic Diagnoses 
Genetic conditions (Rett syndrome, DS, FXS, Tuberous Sclerosis Complex) have 
been found in a high proportion in those with ASD (Cohen et al. 2005; DiGuiseppi et al. 
2010; Hepburn, Philofsky, Fidler & Rogers, 2008; Kielinen et al. 2004; Levy et al. 2010). 
In the ADDM Network, Levy et al. (2010) reported a prevalence of a documented genetic 
condition in 4% of the sample. There is a body of evidence in the literature linking the 
presence of these genetic conditions to an increased risk of SIB in small clinical samples. 
For instance, in those with FXS, Symons, Clark, Hatton, Skinner, and Baley (2003) 
reported the occurrence of SIB in 58% of participants. Similarly, Moss, Richards, Nelson, 
and Oliver (2012) found that those with both DS and ASD were more likely to have SIB, 
repetitive language, and stereotypies, compared to those with DS only. In a study among 
those with Tuberous Sclerosis Complex (TSC), Eden, de Vries, Moss, Richards, and 
Oliver (2014) reported that 27% of their sample showed some forms of SIB, and those 
who engaged in SIB were also more likely to engage in other types of repetitive 
behaviors, hyperactivity, impulsivity or pain-related behaviors. However, large 
population-based studies of possible associations between these genetic diagnoses and the 
high occurrence of SIB in ASD are lacking. Most of these genetic comorbid conditions 
are associated with ID, motor and communication deficits, and other behavioral problems 
that may increase the risk for SIB in ASD. Studies that may control for these other factors 
are needed to evaluate the independent effects of these genetic conditions. 
2.6.6.2 Neurologic Conditions 
A number of neurologic conditions have been commonly reported in ASD. In the 
ADDM Network, Levy et al. (2010) reported that 16% of participants had a documented 
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neurologic condition in their records (e.g., cerebral palsy, seizure disorders, vision and 
hearing impairments, and encephalopathy). Conflicting findings have been reported on 
the association between seizure disorders and SIB. Significant associations were reported 
in those with ASD (Perisse et al. 2010; Viscidi et al. 2013), ID (Meyer, Voysey, Holmes, 
Casey, & Hawton, 2014), and those with frontal-lobe seizures (Thompson & Carusso, 
2000). Meanwhile, other studies in ASD (Baghdadli et al. 2003; MacLean et al. 2010), 
and a review by Mannion and Leader (2013) did not report significant relationships 
between seizure disorders (epilepsy) and SIB, after adjusting for cognitive skills. 
However, this review did report associations between seizures and other potential risk 
factors for SIB, such as low cognitive and adaptive skills. The discrepancies of findings 
between studies may be due to the confounding effects of IQ.  
The association between SIB and CP has not been extensively studied, despite the 
fact that high occurrence of ASD and epilepsy have been reported in those with CP 
(Christensen et al. 2014). Further, those with CP are more likely to present other risk 
factors for SIB, such as aggression, motor delays, repetitive mannerisms, ID, and GI 
problems (Smile, Dupuis, McArthur, Roberts, & Fehlings, 2013). In a study that included 
children with different types of developmental delays, MacLean et al. (2010) did not find 
a significant association between CP and SIB. Though vision and hearing impairments 
have been related to SIB in non-ASD populations, these associations need to be 
confirmed in large studies of those with ASD.  
2.6.6.3 Psychiatric Conditions 
In the ADDM Network, Levy et al. (2010) reported that up to 10% of children 
with ASD had a documented psychiatric condition in their records, including anxiety, 
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conduct problems, depression, mood disorders, and reactive attachment disorder. In a 
review of studies published on psychiatric conditions in ASD by Matson and Nebl-
Schwalm (2007), the presence of depression was reported in 2% of cases. In addition, 
children with ASD were more likely to display specific types of phobias, such as fears of 
thunderstorms, large crowds, dark rooms or closets, and going to bed in the dark. The 
prevalence of anxiety in ASD has been estimated at 40% in some studies (Simonoff et al. 
2008). The associations between SIB, anxiety and mood problems have been reported in 
children with ASD (Cervantes, Matson, Tureck, & Adams, 2013; Kerns et al. 2015; 
Matson et al 2010; Ming et al. 2008; Richards et al. 2012; Williams, Leader, Mannion, & 
Chen, 2015). However, in adults with ID, no association was found between SIB and 
levels of mood, pleasure and interests (Ross & Oliver, 2002). Stratis and LeCavalier 
(2013) reported that the presence of SIB predicted anxiety in ASD. Thus, the association 
between SIB and anxiety may be complex. It is possible that the presence of anxiety may 
lead to SIB as a compensatory mechanism (sensory regulation hypothesis).The 
association between psychiatric conditions and SIB may also be due to the effect of other 
risk factors, such as sleep and GI problems, sensory abnormalities, and adaptive 
behaviors (Williams et al. 2015). Therefore, studies that assess the effects of these 
psychiatric conditions, adjusting for other risk factors are warranted. 
2.6.6.4 Developmental Diagnoses 
Developmental diagnoses, such as, ADHD, ID, language disorder, learning 
disability were found in 83% of the sample in the ADDM Network (Levy et al. 2010).  
Except for ID, few studies have looked at the association between SIB and other 
developmental conditions. Dominick et al. (2007) reported higher occurrence of SIB in 
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children with ASD compared to those who had language impairment. The association 
between ADHD and SIB in ASD is important to assess in light of the recent changes in 
the DSM-V. In fact, in the DSM-IV-TR, the diagnoses of ASD and ADHD were 
mutually exclusive. However, in the DSM-V, it is possible for individuals to be 
diagnosed with both conditions. A review by Mannion and Leader (2014) reported 
prevalence of ADHD varying between 2% and 70% in those with ASD. Further, those 
with ASD and ADHD were more likely to have high levels of autism severity; more 
behavioral problems and somatic issues, and low cognitive and adaptive behavior skills 
(Ashwwod et al. 2015; Rao & Landa, 2014). Therefore, children with the dual diagnosis 
of ASD and ADHD may be at increased risk for SIB. This is an area that should be 
studied in large epidemiological studies.  
2.6.7 Prenatal, Perinatal, and Neonatal Risk Factors for SIB in ASD 
Most researchers agree that ASD results from early abnormalities in brain 
development that impede elaboration of important neurofunctional networks that mediate 
communication, social interaction, and behavior (Stefanos, 2008). As a result, the 
prenatal, peri-, and neonatal periods have become a focus of most research on the 
etiology of ASD. A number of prenatal, peri-, and neonatal risk factors, such as maternal 
parity and chronic disease [pre-pregnancy obesity, high blood pressure]; maternal 
smoking; gestational complications; abnormal gestational age; planned cesarean section; 
nuchal cord; breech presentation; intrapartum hypoxia; low birth weight and low Apgar 
scores have been associated with an increased risk of ASD (Angelidou et al. 2012; Bilder 
et al. 2009; Curran et al. 2014; Dodds et al. 2011; Guinchat, Thorsen, Laurent, Cans, & 
Bodeau, 2012; Ha, Thompson, Kearney, Roth, & Xu, 2014; Kalkbrenner et al. 2012; 
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Kolevzon et al. 2007; Krakowiak et al. 2012; Maramara, He, & Ming (2014); Pinto-
Martin et al. 2011; Polo-Kantola et al. (2014); Schieve et al. 2014; Zhang et al. 2010). In 
the ADDM Network, Schieve and al. (2014) found that three perinatal risk factors 
(preterm birth, Small for Gestational Age [SGA], and cesarean delivery) contributed 
significantly to the risk of ASD in the US. However, it remains unclear whether prenatal, 
peri-, and neonatal risk factors are causal, or play a secondary role in shaping clinical 
expression in individuals with genetic vulnerability (Schieve et al. 2014). Another 
plausible hypothesis linking prenatal, peri-, and neonatal events to ASD is that 
improvement in obstetric and neonatal management have led to an increase in the 
proportion of survivors with pre-existing brain damage, and these children may be at high 
risk of developing ASD (Guinchat et al. 2012).  
Despite the extensive literature on the association between prenatal, perinatal, and 
neonatal risk factors with ASD, to our knowledge, only one study has assessed a potential 
relationship between SIB and perinatal conditions in ASD. In a study that included 
children enrolled in a research program, Baghdadli et al. (2003) reported an association 
between SIB and perinatal factors reported in the child’s medical records. Unfortunately, 
these authors did not provide any specific details on the type of perinatal conditions that 
were evaluated. Studies that assess the potential association between SIB and prenatal, 
peri- and neonatal risk factors are needed, as unlike other cross-sectional studies, they 
provide the opportunity to establish a temporal relationship between these risk factors and 
the occurrence of SIB, since these risk factors are collected before the occurrence of SIB; 
therefore, the effect of recall bias can be minimized. These types of studies may inform 
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etiologic studies in ASD that may lead to the development of primary prevention 
strategies for SIB in ASD. 
2.7 Longitudinal Changes in Self-Injurious Behaviors 
It is important to understand the natural history of SIB in children with ASD, so 
factors related to their occurrence can be documented, targeted interventions developed, 
and their long-term effects evaluated. In typically-developing children, some types of 
mild, low-frequency stereotypies and SIB (e.g., seated body-rocking, head hitting) may 
emerge around 8 months and typically decline over time, completely disappearing by 
about 3 years of age (Baghdadli et al. 2003; Berkson &Tupa, 2000; Fee and Matson, 
1992; Kurtz et al. 2012; Symons, Sperry, Dropik, & Bodfish, 2005). In contrast, without 
intervention, these behaviors tend to intensify and persist in children with developmental 
disabilities. Different factors can explain potential changes in SIB over time. Brain 
maturation that occurs with age, improvement in cognitive and adaptive skills, and 
possible effects of interventions may contribute to an improvement in SIB. Meanwhile, 
factors such as maturation of the motor system, occurrence of other maladaptive 
behaviors, and loss of previously acquired skills may lead to the incidence of SIB in some 
children with ASD.  
Longitudinal changes in SIB in ASD have not been extensively studied and 
available studies have reported conflicting findings. Some studies have found reductions 
in the proportion of participants with SIB over time (Baghdadli et al. 2008; Murphy et al. 
2005; Schroeder et al. 2014; Shattuck et al. 2007; Taylor & Seltzer 2010). However, 
other studies did not find significant changes (Billstedt et al. 2005; Wolff et al. 2014; 
Woodman et al. 2015). In a study by Ballaban-Gil et al. (1996), most participants 
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continued to engage in SIB during the follow-up visit (62% among adolescents and 58% 
of adults). However, important changes that varied depending on the age of the subject 
were noticed in some participants. In fact, in the adolescent sample, 13% improved and 
24% worsened, and the corresponding proportions were 9% and 32% in the adult sample. 
Methodological differences between studies, including, the age of participants, the 
duration of follow-up, the type of study design, and the effects of interventions received 
may explain these conflicting findings. An area not studied is the longitudinal changes in 
the severity of SIB in ASD. To our knowledge, no prospective studies that included only 
participants with ASD have been published on this topic. However, in a longitudinal 
study of participants with ID, some of whom had ASD, Einfeld et al. (2006) found a slow 
decline in the severity of maladaptive behaviors, including SIB over time in most 
participants. In a cross-sectional study, Esbensen et al. (2009) found a decrease of the 
severity of SIB with age in a sample of children with ASD.  
In addition to describing the types of changes observed in the presence or severity 
of SIB over time, studying factors that differentiate participants who show changes and 
those who do not is important, in order to define different subgroups that may be targeted 
for interventions. Only a few studies have reported on baseline characteristics that 
influence potential changes. For example, Baghdadli et al. (2008) found that children 
with a negative outcome (i.e., recurrent SIB and new appearance) were more likely to 
have higher severity of autism and lower speech level compared to those with a positive 
outcome. Taylor and Seltzer (2010) reported that the presence of ID and low family 
income at baseline were negatively associated with improvement in maladaptive 
behaviors, including SIB. Schroeder et al. (2014) found that age, sex, and diagnostic 
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classification predicted the changes in the mean scores of SIB. Woodman et al. (2015) 
found that better quality of mother-child interactions and higher levels of maternal praise 
were associated with greater improvement in maladaptive behaviors. Changes in the 
severity of challenging behaviors varied according to sex and IQ in the study by Einfeld 
et al. (2006). Documenting predictors of changes is an area that needs further exploration 
in large epidemiological studies, so the reasons behind negative or positive outcomes are 
evaluated and targeted interventions are provided. 
2.8 Interventions and Treatment for Self-Injurious Behaviors 
 In general, managing chronic SIB is a challenging task for clinicians, teachers, 
family members, and other care providers (Richman, 2008). Details concerning the 
available interventions for SIB in ASD are provided elsewhere (see Matson & LoVullo, 
2008; Minshawi et al. 2014b for review). Interventions should be preceded with a 
functional analysis of the SIB that will document the circumstances (antecedents) that 
lead to the occurrence of SIB and factors, such as attention, escape, and communication 
that may maintain them (consequences). Minshawi et al. (2014b) proposed algorithms for 
a systematic and multidisciplinary assessment and management of SIB in ASD. In 
general, interventions can be categorized in three groups: behavioral, pharmacological, 
and others. The most reported behavioral treatments include: antecedent-based 
interventions (functional-based interventions), reinforcement-based interventions, 
extinction-based interventions, and punishment-based interventions (Minshawi et al. 
2014b). Functional-based interventions focus on teaching children alternative means of 
communication and social interaction, instead of using SIB (Kurtz et al. 2003; Reeve and 
Carr, 2000, as cited in Duerden et al. 2012). Pharmacological interventions include a 
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number of different classes of medications, such as antipsychotics [Risperidone, 
Aripiprazole], opioid antagonists [Naltrexone, antidepressants [Buspirone], and 
antiepileptics (Adler et al. 2014, Minshawi et al. 2014b) that have been used in ASD. 
Other types of interventions include the use of protective devices, such as helmets, wrist 
vests, and knee pads to protect body parts that are targeted for SIB (Matson & LoVullo, 
2008), and Electroconvulsive Therapy (ECT) may also be used in some extreme cases of 
SIB that are not manageable by these other interventions (Wachtel et al. 2009). 
2.9 Summary of the Literature Review 
In summary, though data from small clinical samples have been published on SIB 
in ASD in relation to its prevalence, risk factors, and longitudinal changes, there are still 
gaps in the literature that need to be filled. Population-based prevalence data and 
information on trends overtime are lacking and the aim 1 of this study will address this 
gap. In addition, comprehensive studies of potential risk factors for SIB in ASD that can 
account for the complex relationships among the different risk factors are also warranted, 
and aim 2 of this study will address these issues. Lastly, longitudinal studies on the 
presence and severity of SIB are needed. These studies will provide valuable information 
for understanding the etiology of SIB and developing adequate prevention strategies, and 
aim 3 of this study will address this area. Tables 2.1 and 2.2 provide a summary of 
studies that assessed multiple risk factors for SIB, and those that explored longitudinal 























- Age, sex, race, severity of autism, 
adaptive behaviors skills, 
perinatal and associated medical 
conditions (e.g. epilepsy), 
parental class. 
SIB was associated with severity of autism, 
higher deficit in daily living skills, lower 
chronological age and history of prenatal 
condition 
Cervantes et al. 
(2013) 
N=2019 
BISCUIT part3 Comorbid 
anxiety 
Age, sex, race, anxiety, autism 
severity. 
SIB was significantly related to the severity of 
anxiety symptoms. 
Dominick et al. 
(2007) 
N=107 
ABPQ - Age, sex, IQ, race, IQ, adaptive 
behaviors. 
SIB was associated with lower IQ, autism 
severity 
Duerden et al. 
(2012) 
N=250 
ADI-R, RBS-R - Age, sex, race, severity of autism, 
adaptive behaviors skills, IQ, 
insistence on sameness, sex, 
rituals and compulsions, sensory 
problems. 
SIB was associated sensory problems, insistence 
on sameness, IQ, adaptive behaviors skills 
(socialization). 
Esbensen et al. 
(2009) 
N=712 
RBS-R Age  Sex, comorbid ID, treatment.  Younger age was associated with higher report of 
the presence and severity of SIB, compared to 
older ages. 





Age, sex, race.  SIB was significantly associated with sleep 
problems on the child sleep habit questionnaire. 
Horovitz et al. 
(2011) 
N=862 
BISCUIT –Part3 Race, Dx 
group 
Age, sex Differences in the endorsement of SIB were 
found between ASD and PDD-NOS, but no effect 
of race was detected 





Age, sex, race. Challenging behaviors, including SIB were 















Risk factors evaluated  Major findings  
Kozlowski et al. 
(2012)  
N=222 
BISCUIT-Part3 Sex, Dx 
group 
Age, race. Differences in the endorsement of SIB were 
found ASD and PDD-NOS, but effect of sex was 
detected. 
Kozlowski et al. 
(2012) N=391 
ASD-BPC Sex Age, race. No association between sex and challenging 
behaviors, including SIB. 





Regression Age, sex, race, IQ, global 
functioning, other medical 
conditions. 
No association was found between SIB and 
developmental regression. 
MacLean et al. 
(2010) 
N=196 
Chart review - Age, sex, race, IQ, CP, seizures. SIB was associated with destructive behaviors, 
hurting others, and unusual habits. No 
associations with seizures, IQ, or CP. 
Maenner et al. 
(2012) 
N=487 
Child’s records GI problems Age, sex, race, other maladaptive 
behaviors. 
No associations between SIB and GI problems 





Age, sex, race. Lower adults and peer interaction were correlated 
with higher levels of challenging behaviors, 
including SIB 
Mc Tierman et 
al. (2011) 
N=174 
BPI - Current age and age at diagnosis, 
sex, race, presence of other 
challenging behaviors, behaviors, 
IQ, type and duration of 
intervention. 
SIB was associated with IQ. 
Ming et al. (2008) 
N=160 
Chart reviews Associated 
medical 
conditions 
Age, sex, race, associated medical 
conditions (e.g. mood, sleep 
problems). 
SIB was association with the presence of mood 
problems. 
Murphy et al. 
(2009) 
N=157 
BPI  Age, sex, race, IQ, stereotypies, 
other maladaptive behaviors. 
SIB was associated with lower IQ scores and the 















Risk factors evaluated  Major findings  
Perisse et al. 
(2010) 
N=29 
Chart review  Age, sex, race, IQ, comorbid 
conditions (seizures, painful 
organic conditions). 
Disruptive behaviors, including SIB were 
associated with lower cognitive skills, the 
presence of seizures, organic painful conditions. 







Sex, age, adaptive behaviors, 
autism severity, parental social 
class, number of hours of 
interventions. 
Autism severity was independently associated 
with SIB. 






- Age, sex, race, severity of autism, 
other maladaptive behaviors, self-
help skills, affect. 
SIB was associated with presence of other 
maladaptive behaviors (e.g. impulsivity, 
hyperactivity), negative affect, lower cognitive 
and abilities. 
Richman et al. 
(2013) 
N=617 
ABC - Age, sex, race, severity of autism, 
other maladaptive behaviors, IQ, 
stereotypies. 
SIB was associated with presence of other 
maladaptive behaviors (impulsivity, stereotypies), 
negative affect, lower cognitive and abilities. 
Schroeder et al. 
(2014) 
N= 233 
BPI - Age, sex, race, IQ, vision 
problems, communication level, 
income, diagnostic category, 
maternal education 
SIB was associated with diagnostic category, 
family income, and presence of vision problems. 
Sell et al. (2012) 
N=343 
Records review Race Autism severity, associated 
features. 
No differences in the occurrence of SIB between 
NHW and NHAA, but significant differences in 
odd responses to sensory stimuli and delayed 
motor milestones (higher in NHAA). Significant 
differences in some aspects of core ASD 
symptoms (routine/rituals, preoccupation with 














Type of study Age ranges 
at baseline 
Duration of  
follow-up 
Major findings  
Bagdhadli et al. 
(2008) 
N=185 
Questionnaire Prospective cohort  3 years Lower proportion of SIB at follow-up vs. baseline; 
higher autism severity scores and lower speech 




Questionnaire Prospective cohort 9 months-20 
years 
11.3 years Less improvement in SIB was observed among 
adolescents (13%) and adults (9%), compared to 
new occurrence among adolescents (24%) and 
adults (32%). 
Billstedt et  
al. (2005) 
N=120 






19-28 years - No major changes in SIB 
Murphy et  
al. (2005) 
N=141 
BPI Prospective cohort 2.2-18 years 12 years More improvement was observed on all the 
behaviors, including SIB. Poor expressive and 
social skills were associated with negative 
outcome. 
Schroeder et al. 
(2014) 
BPI Prospective cohort 4-48 months 1 year BPI scores were lower in subsequent visits. 
Age, gender, and diagnostic classification 
predicted changes in BPI scores. 
Shattuck et  
al. (2007) 
N=241 
RBS-R Prospective cohort 10-52 years 4.5 years Lower proportion of SIB at follow-up vs. baseline. 
Lower IQ and younger age were associated with a 




SIB-R Prospective cohort 10 -25 years 10 years Improvement was observed over time for 
maladaptive behaviors and autism severity. Lower 













Type of study Age ranges 
at baseline 
Duration of  
follow-up 
Major findings  
Wolff et 
 al. (2014) 
N=250 
RBS-R Prospective cohort 12 months 1 year The proportion of SIB did not change significantly 
over time overtime, while that of other behaviors 
increased. 
Woodman et al. 
2015 
N=406 
SIB-R Prospective cohort 10-49 years 8.5 years Improvement was observed overtime for 
maladaptive behavior, including SIB. Quality of 





RESEARCH DESIGN AND METHODS 
3.1 Introduction 
 This section provides an overview of the methodology used for this research. 
Specific methodological details are included in the chapter related to each study.  
3.2 Study Population 
In order to examine the above specific aims, this study used data collected in two 
distinct networks of children with ASD: the ADDM Network and the ATN. 
3.2.1 The Autism and Developmental Disabilities Monitoring Network (ADDM) 
The ADDM Network is a multi-site surveillance system for ASD and other 
developmental disabilities in 8-year-old children in the U.S. It was initiated by the 
Centers for Disease Control and Prevention (CDC) in 2000, under the Children’s Health 
Act. The ADDM Network was modeled after the Metropolitan Atlanta Developmental 
Disabilities Surveillance Program (MADDSP), which was started a few years earlier by 
the CDC. The MADDSP assessed the prevalence of autism among children ages 3-10 
years in metropolitan Atlanta. During the 1996 study year, the MADDSP reported an 
overall prevalence of ASD of 3.4 per 1000 with a peak prevalence of 4.2 per 1000 in 8- 
year-old children (Rice et al. 2007). The ADDM Network has multiple goals: to obtain a 
count of the number of children with ASD as possible in multiple surveillance areas in 
the US; report comparable population-based ASD prevalence estimates from different 
sites every 2 years; evaluate changes over time in the prevalence; identify sub-groups of 
children at higher risk of ASD; and provide descriptive data on the population of children 
with ASD (CDC, 2000). Different sites in the US are selected through a periodic, 
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competitive review process on the basis of their ability to conduct active, records-based 
surveillance of ASD (CDC, 2000). The catchment area varies between sites, ranging from 
a single metropolitan area to almost an entire state. Because of the renewal process, sites 
that have participated in ADDM since its inception have changed from one study year to 
the next. The ADDM Network is a record-based surveillance system, i.e., the case status 
is determined solely through a review of available records without any direct clinical 
examination of participants. The types of records reviewed vary between sites: some have 
access to both clinical and educational records, while others can access only clinical 
records due to specific laws that prohibit access to educational records. 
The surveillance method used in the ADDM Network has been extensively 
described by others (CDC 2014; CDC 2000; Rice et al. 2007; Sell et al. 2012; Wiggins et 
al. 2012). In brief, there are four important steps: screening, abstraction, review, and 
compilation. The first step is the screening of available records. During a specific study 
year, a sample of records of 8-year-old children living in the different catchment areas, 
from multiple clinical and educational sources, are screened. For clinical sources, records 
of children with specific diagnostic codes (e.g., ASD, mental retardation, ADHD, 
language delay, behavioral and emotional problems) are preferentially screened. For 
educational sources, records of children receiving special education services under 
different exceptionality categories (ASD, mental retardation, behavioral issues) are 
screened (Wiggins et al. 2012). The initial screening consists of confirming the child’s 
year of birth and residency in the surveillance area and examining the records for the 
presence of certain behavioral or diagnostic descriptions defined in the ADDM Network 
manual of procedures as triggers for abstraction. There is a list of 34 ‘‘trigger phrases’’ 
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describing social and communication behaviors associated with ASD [e.g., child does not 
initiate interactions with others, prefers to play alone, or engage in solitary activities] 
(CDC, 2014; Sell et al. 2012; Wiggins et al. 2012). In addition, records are also screened 
for the presence of a documented diagnosis of ASD, defined as the presence of the 299.0 
or 299.8 diagnostic codes in the child’s records, or a specific statement in the records that 
the child met the criteria for ASD (Wiggins et al. 2012). During a specific study year, 
records of a considerable proportion of children are screened in each site. For example, 
during the 2010 study year, a total population of 363,749 children aged 8 years was 
covered by the 11 ADDM sites, which accounted for 9% of the total US population of 
children that specific age. A total of 60,130 records for 47,371 children were screened at 
health and education sources during the 2010 study year (CDC, 2014).  
The second step is the abstraction of records meeting the defined criteria (i.e., 
birth year, residency, presence of a trigger as described above, or a previous diagnosis of 
ASD). Trained abstractors abstract clinician’s notes, school evaluations, and test results 
from birth through the current surveillance year (CDC, 2014; Wiggins et al. 2012). For 
example, during the 2010 study year, records of 9,769 children were abstracted, which 
represented 20.6% of the total number of children whose records were screened, and 
2.7% of the total population under surveillance (CDC, 2014).  
The third step is the clinical review of the summary of abstracted records for each 
child. The abstracted composite evaluation files are first deidentified and reviewed 
systematically at each site by clinicians who have undergone standardized training to 
determine whether the child meets the ASD surveillance case definition, based on the 
DSM-IV-TR criteria for ASD, regardless of whether the child has a documented 
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diagnosis of ASD in the records (CDC, 2010; Sell et al. 2012; Wiggins et al. 2012). 
Beside determining the case status, the trained clinicians also document whether there is 
any indication in the child’s records of 13 associated behavioral features (e.g., SIB, 
abnormal sleep, abnormal mood, aggression, temper tantrums), or a documented 
neurologic, developmental, psychiatric, and genetic condition (Levy et al. 2010; Sell et 
al. 2012; Wiggins et al. 2012). In the 2010 study year, 5,338 children (54.6% of the total 
children whose records were reviewed) met the criteria for the surveillance case 
definition of ASD. Approximately 80% of these children had either eligibility for autism 
special education services, or a DSM-IV-TR/ICD-9 diagnosis of ASD documented in 
their records. The number of clinical and school evaluations abstracted for each child 
identified with ASD varied between sites (CDC, 2014).  
The last step is the compilation of these data with other information and with data 
from other sites. Information on each participant is combined with birth certificate data 
through linkage to state vital records, and also to census decennial data. Birth certificate 
data for all children meeting the surveillance definition are only available for biological 
children born in the state where the ADDM site is located (CDC, 2014). Sites data are 
compiled at the CDC to obtain the final dataset for that study year.  
The multi-source surveillance system used in both the MADDSP and the ADDM 
Network has been evaluated and found to have high validity and reliability (Avchen et al. 
2011; Bakian et al. 2014; Van Naarden Braun et al. 2007). 
3.2.2 The Autism Treatment Network (ATN) 
The ATN is a multi-site network of 17 autism academic centers across North 
America that focuses on standards of care for ASD treatment. This network was 
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established in 2005 from a partnership between Northwest Autism Foundation and the 
Massachusetts General Hospital for Children’s Learning and Developmental Disabilities 
Evaluation and Rehabilitation Service program [MGH/LADDERS] (ATN 2010 report). 
Currently, The ATN is the largest collaborative network of academic centers dedicated to 
developing a model of comprehensive care for children and adolescents with ASD. Since 
its inception, the ATN has become an important provider of specialty care for children 
with ASD. For example in 2011, more than 27,000 children and youth with ASD had 
access to specialty care through ATN (Lajonchere, Jones, Coury, & Perrin, 2012). 
Participating centers must commit to a standard comprehensive model of health care, 
including providing clinical evaluations that are consistent across sites; thus, allowing 
comparison between sites and pooling of data. Furthermore, sites also commit to 
enrolling a minimum of 100 children per year in the registry (Lajonchere et al. 2012; 
Perrin, Coury, Jones, Lajonchere, 2012). The goals of the ATN are: to improve the 
quality of health care for those with ASD; increase the availability of a comprehensive, 
coordinated, longitudinal model of care for children with ASD; advance evidence-based 
treatment and research on common medical issues in order to improve the care rendered 
to those with ASD; and be the leading clinical network on medical issues related to ASD 
(ATN report, 2010; Lajonchere et al. 2012).  
The methodology used in the ATN has been described in other papers (Coury, 
Jones, Klatka, Winklosky, & Perrin, 2009; Kanne et al. 2014; Kuhlthau et al. 2010; 
Lajonchere et al. 2012; Perrin et al. 2012; Sikora et al. 2012; Zuckerman, Hill, Guion, 
Voltolina & Fombomme, 2014). In brief, families of children diagnosed with ASD within 
the preceding 12 months at one of the participating sites are invited to be included in the 
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registry. Parents must sign a written consent and their children may also sign assent 
forms when applicable. Further, all included children must have a diagnosis of ASD 
based on the DSM-IV-TR criteria (APA, 2000). The diagnosis must also be confirmed 
with the ADOS-G. However, the ATN’s protocol allows for sites to include up to 10% of 
children who are discrepant i.e., they met the DSM-IV-TR criteria but not the criteria on 
the ADOS-G (ATN report, 2010). This practice is in line with a recommendation that 
stipulates that whenever there is disagreement between clinical diagnosis and instrument-
based classification, clinician-assigned diagnosis should take priority (Lord et al. 2000a). 
Additional criteria include the requirements that children should not be in foster care and 
parents must be fluent in both written and spoken English (Kanne et al. 2014). In general, 
about 50% of families who are contacted agree to be included in the registry. Upon 
enrollment in the registry, various individual and familial data are collected, such as 
demographics, diagnostic history, developmental tests, and comorbid conditions [e.g., 
behavioral, somatic] (LaJonchere et al. 2012; Zuckerman et al. 2014).  
The registry also includes data on follow-up visits. After the initial visit, families 
are contacted on a yearly basis through a mailed questionnaire that asks about child’s 
symptoms (including SIB), other comorbid conditions and treatments (Mazurek, Keefer, 
Shui, & Vasa, 2014). Families are also offered the possibility of a follow-up clinical 
evaluation to assess the current health status of the child. The yearly response-rate after 
enrollment varies between 30 to 50% depending on the site. Data collected at each site 
are compiled and checked for consistencies at the ATN Data Coordinating Center. 
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3.3 Data Collection  
 Information used in this study was collected in different ways: standardized and 
non-standardized questionnaires, validated and non-validated forms, and standardized 
testing during clinical evaluations. 
3.3.1 The Autism Treatment Network Demographic Form 
Sociodemographic information, including child’s sex and chronological age, 
maternal, paternal highest level of education and age at the time of the child’s birth, 
maternal race or ethnicity, type of health insurance, and family income are collected 
using the ATN demographic form. 
3.3.2 Parental Concerns Questionnaire (PCQ)  
In the ATN, a modified version of the PCQ (McGrew et al. 2007) is used to assess 
the presence of somatic problems (sensory abnormalities, sleep, and GI); behavioral 
issues (SIB, hyperactivity, attention and mood problems, anxiety, and irritability). Parents 
are asked whether they currently had any concerns about the child showing the above 
conditions. The same form is also used during the follow-up visits. 
3.3.3 Aberrant Behavior Checklist (ABC) 
Prior to mid-2011 in the ATN, the severity of SIB was assessed with a form that 
used the same scale as the Aberrant Behavior Checklist [ABC] (Aman & Singh, 1986). 
However, starting in mid-2011, information on the severity of SIB is reported in three 
different questions on the ABC: question #2 (injures self on purpose); question #50 
(deliberately hurts himself/herself); question #52 (Does physical violence to self). The 
ABC is a 58-item caregiver-completed behavior checklist used to assess challenging 
behaviors in children with developmental disabilities. Respondents are instructed to rate 
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the behavior within the past four weeks using a four-point response scale (0= not a 
problem; 1= mild problem; 2= moderate problem; 3= severe problem). 
3.3.4 Birth Certificate 
In the ADDM Network, sociodemographic information, maternal obstetrical 
history, maternal pregnancy-related complications, obstetric procedures during 
pregnancy, mode of delivery, perinatal complications, and child’s neonatal characteristics 
were obtained from the 1989 US standard certificate of live birth.  
3.3.5 Census Data 
In the ADDM Network, population-based indicators, such as census tract median 
household income, was based on the 2000 census data. 
3.3.6 Standardized Tests 
3.3.6.1 Adaptive Behavior Skills 
In the ATN, data on adaptive behaviors skills were obtained from the Vineland 
Adaptive Behavior Scales [VABS-2] (Sparrow, Cicchetti, & Balla, 2005). However, in 
the ADDM Network, adaptive behavior skills information was abstracted from various 
tests, including the VABS-2, the older version (VABS), and the Scales of Independent 
Behavior-Revised [SIB-R] (Bruininks, Woodcock, Weatherman, & Hill, 1996). 
3.3.6.2 Cognitive Skills  
In the ATN and ADDM Network, data on cognitive skills were obtained from 
various cognitive tests, such as the Stanford Binet Scales of Intelligence-5th Edition 
Abbreviated Battery IQ [ABIQ] (Roid, 2003); the Bayley Scales of Infant Development 
II (Bayley, 1993); the Mullen Scales of Early Leaning [MSEL] (Mullen, 1995).  
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3.3.6.3 The Autism Diagnostic Observation Schedule-Generic (ADOS-G) 
The ADOS-G is a semi-structured standardized play interview that uses 
developmentally appropriate social and play-based interactions to elicit symptoms of 
autism in social interaction, communication, play, and repetitive behaviors (Lord et al. 
2000a). The ADOS-G consists of five different modules (toddler, modules 1-4), each 
directed at a particular development and language ability. Items are typically scored on a 
3-point scale from 0 (no evidence of abnormality related to autism) to 2 (definite 
evidence). Some items include a code of 3 to indicate abnormalities that are so severe to 
interfere with the assessment (Jones & Lord, 2013). In the ATN, the ADOS-G was used 
to derive autism severity scores [ADOS-G calibrated scores], based on the published 
algorithms (Gotham, Pickles, & Lord, 2009; Hus & Lord, 2014). 
3.4 Design and Methods  
3.4.1 Design and Methods Specific for Aim 1 
 In aim 1, we had two sub-aims that used two different samples: sub-aim 1.1 that 
reported on the prevalence of SIB during each study year and sub-aim 1.2 that assessed 
potential birth cohort effects on the prevalence of SIB. 
For the sub-aim 1.1, we used a cross-sectional design to report on the prevalence 
of SIB during each study year. Participants in the ADDM Network with a surveillance 
diagnosis of ASD during the 2000, 2006 and 2008 study years were included. The 
outcome of interest was SIB and the explanatory variables were the specific study year 
and site. The proportion of children with documented SIB in each study year was 
obtained by the ratio of the total number of children with SIB during the study year to the 
total number of children with ASD included during that study year. We reported both the 
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overall and site- specific prevalence of SIB (point estimates and 95% CI). We used 
Poisson regression with robust error variance to obtain these 95% CI (CDC, 2014; 
Wolkewitz, Bruckner, & Schumacher, 2007; Zou, 2004). 
For the sub-aim 1.2, these analyses included only four sites (AZ, GA, MD, and 
SC) that participated continuously in the ADDM Network during these three study years. 
In each site, we compared the proportion of children with SIB from one study year to the 
other study years to assess whether there was a significant linear trend using a chi-square 
test of linear trend at the significance level of 0.05. 
3.4.2 Design and Methods Specific for Aim 2 
 In this aim, we had three different sub-aims: sub-aim 2.1 that reported on the 
association between SIB and a number of predictors in the ADDM Network and ATN 
datasets, sub-aim 2.2 that reported on the association between SIB and predictors from 
birth certificate data, adjusting for previously reported predictors of SIB (sub-aim 2.1), 
and sub-aim 2.3 that assessed whether any identified associations were modified by 
child’s sex, IQ, and maternal education. 
For the sub-aim 2.1, we used a cross-sectional design to assess the association 
between SIB and the different predictors in both datasets. In the ADDM Network 
analyses, we included all participants with a surveillance diagnosis of ASD during the 
2000, 2006, and 2008 study years. In the ATN analyses, all children enrolled in the 
registry from 2008-2012 were included. The outcome of interest was the presence of a 
documented SIB in the child’s records (ADDM), or from parent’s answers on the PCQ 
(ATN). Potential predictors in the ADDM Network analyses were: sociodemographic, 
developmental, behavioral, somatic, and other comorbid conditions. Sociodemographic, 
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developmental, behavioral, somatic, and autism severity predictors were examined in the 
ATN analyses. Two potential predictors (family income and paternal education) were 
removed from these analyses because of a high proportion of missing data, four 
predictors (GI and sleep problems, maternal and paternal age) were not collected during 
some specific study years and included only in sub-analyses in the ATN dataset. 
As preliminary steps before the analyses, we explored the distribution of 
continuous variables, tested for multicollinearity and explored missing data. Plots of SIB 
versus continuous variables in both datasets showed linear relationships without specific 
cut-off points to distinguish different groups (see plots in Appendix). Therefore, these 
variables were analyzed as continuous predictors.  
Multicollinearity describes a situation when two or more predictors included in a 
model are highly correlated. This high correlation affects the estimation of standard 
errors and can induce a number of problems, including regression coefficients that are 
unstable and imprecise or models with large R2 but have no individual variables that are 
statistically significant (Cheng et al. 2010). We assessed multicollinearity by calculating 
the tolerance and the Variance Inflation Factor (VIF) for each potential predictor. In 
general, a small tolerance (i.e., <0.1), or a high VIF (i.e., >10) signify multicollinearity 
(Cheng et al. 2010). In these analyses, none of the variables examined had a VIF or a 
tolerance that could induce multicollinearity. Therefore, all these potential predictors of 
SIB were included.  
In both datasets, missing information was an important factor. For example, in the 
ATN dataset, 20% and 30% of participants had missing IQ and adaptive behavior skills, 
respectively. The proportions of missing data on IQ and adaptive behaviors were 30% 
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and 45% in the ADDM Network dataset. The cumulative effect of missing data resulted 
in the loss of 45% of the total sample in the ATN dataset and more than 60% in the 
ADDM dataset. In order to avoid loss of power and potential biases due to removing a 
substantial proportion of participants, we used multiple imputation (Rubin’s, 1987). 
Researchers have found that, in the presence of high proportion of missing data, and 
when data are not “Missing Completely At Random (MCAR)”, using multiple imputation 
provides valid estimates compared to techniques that ignore missing data (Janssen et al. 
2010; Langkamp, Lehman, & Lemeshow, 2010). We first tested if the MCAR assumption 
did hold in our analyses by exploring the relationships between missing IQ, adaptive 
behaviors skills scores with a number of predictors. We found significant associations 
between missing IQ or adaptive behaviors skills and some predictors in both datasets. 
Therefore, the assumption of MCAR did not hold in our data and the use of multiple 
imputation was justified. We imputed missing data in the full dataset using the Fully 
Conditional Specification technique [FCS], as imputed variables were both categorical 
and continuous and the pattern of missingness was arbitrary [i.e. not monotone] (Lee & 
Carlin, 2010; Van Buuren, 2007). As suggested in the literature, we used a total of 10 
imputed datasets and the imputation model included all the explanatory variables and also 
the outcome (Donders, Vand Der Heijden, Stijnen, & Moons, 2006; Moons, Donders, 
Stijnen, & Harrell, 2006). To account for between-site variability in SIB, we created 
these 10 imputed datasets within each site. The site specific imputed datasets were 
combined thereafter, according to the imputation number to create 10 final datasets that 
were analyzed separately. Because the outcome was binary (yes/no) and to account for 
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between-site variability, we used a non-linear mixed model that included site as a random 
variable. We used PROC GLIMMIX in SAS 9.3 (SAS Institute Inc., Cary, NC).  
For each potential predictor, the parameter estimate and standard error from each 
imputed dataset were combined based on Rubin’s formula (Rubins, 1987) to obtain the 
final estimates. We reported the parameter estimate, odds ratio, 95% CI of the odds ratio, 
and p-value for each potential predictor of SIB. All tests were evaluated at the 
significance level of 0.05. While multiple imputation findings were primarily presented 
in this study, we also compared these results to those from complete case analyses.  
For the sub-aim 2.2, we used a cross-sectional design to assess the association 
between SIB and different predictors in a subset of ADDM sites. We included all 
participants with a surveillance diagnosis of ASD during the 2000, 2006 and 2008 study 
years from sites that reported birth certificate data. We excluded sites that did not report 
birth certificate data during any of these study years (N=871). Comparing participants 
from included and excluded sites did not show any specific pattern. The outcome of 
interest was the presence of documented SIB in the child’s records. The following 
potential predictors were included: sociodemographic, maternal prenatal conditions, 
maternal complications and interventions during pregnancy, child’s neonatal 
characteristics. In addition, these analyses were also adjusted for other risk factors 
examined in sub-aim 2.1. The analytical approach used in sub-aim 2.2 was similar to that 
of subaim 2.1, as described above. 
For the sub-aim 2.3, we first created interaction terms between the significant 
predictors found in the two preceding aims and child’s sex, IQ, and maternal education. 
These potential interactions were tested using the same analytical approach as described 
69 
 
above (see analyses sub-aim 2.1). If significant interactions were found, we refitted a 
parsimonious model that included only significant predictors and interactions. 
3.4.3 Design and Methods Specific for Aim 3 
 In this aim, we had two different sub-aims: sub-aim 3.1 that reported on the 
longitudinal changes in the presence of SIB in ASD between the baseline visit and the 
second visit in the ATN dataset, and the factors that could influence any identified 
changes; and the sub-aim 3.2 that explored longitudinal changes in the severity of SIB 
and the factors that may influence these changes. 
For the sub-aim 3.1, we used a prospective cohort design to assess the changes in 
the presence of SIB between baseline visit and the first follow-up visit. Participants in the 
ATN who reported information on the presence of SIB in both the baseline and the first 
follow-up visit were included. Based on the distribution of responses on the presence of 
SIB in both visits, participants were categorized into: SIB present at both visits (termed 
persistence in these analyses), SIB absent at both visits (termed never in these analyses), 
SIB present at baseline but not follow-up (termed resolution in these analyses), and SIB 
absent at baseline but present at follow-up (termed new occurrence in these analyses). In 
order to examine the change in the presence of SIB during both times, a test of 
differences in proportions for correlated data (McNemar’s test) was used. This test 
assesses the differences in the proportions of discordant pairs (i.e., resolution, new 
occurrence), as concordant pairs (i.e., persistence and never) do not provide any valuable 
information. The significance of this test was evaluated at alpha level of 0.05. In order to 
assess the factors that predicted changes in the presence of SIB, two models were tested. 
In the first model, using logistic regression, subjects who had resolution of SIB were 
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compared to those with persistence. The outcome was the category (resolution versus 
persistence) and the effects of a number of predictors, including sociodemographic, 
developmental, behavioral, somatic, autism severity were tested. Similarly, in a second 
model, using the same analytical approach, subjects with new occurrence of SIB were 
compared to those who never showed SIB at times. We used multiple imputation to 
account for missing data on some of the risk factors. 
For the sub-aim 3.2, we used a prospective cohort design to assess the changes in 
the severity of SIB between baseline visit and the first follow-up visit. Participants in the 
ATN with parent-reported SIB at the baseline visit, who reported information on the 
severity of SIB in both the baseline and the first follow-up visit were included. The 
current severity of SIB was reported by the parent as “the behavior is a problem, but 
slight in degree” (termed mild in our analyses), “the problem is moderately serious” 
(moderate), and “the problem is severe in degree” (severe). The measure used to assess 
severity of SIB was slightly different before and after mid-2011. Before mid-2011, 
severity of ASD was assessed using a form adapted from the Aberrant Behavior 
Checklist [ABC] (Aman & Singh, 1986). Since then, the ABC itself was used to assess 
severity. This instrument has three questions related to SIB, and responses to these three 
questions were correlated. Thus, we selected the question with the lowest proportion of 
missing data to assess severity of SIB after mid-2011. The moderate and severe groups 
were collapsed to into one group because of small numbers. Based on the distribution of 
responses concerning the severity of SIB in both visits, participants were categorized 
into: SIB mild at both visits, SIB moderate-severe at both visits, SIB moderate-severe at 
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baseline but mild at follow-up (termed improvement in these analyses), and SIB mild at 
baseline but moderate-severe at follow-up (termed deterioration in these analyses).  
To examine potential changes in the severity of SIB during both times, we used 
McNemar’s test, as described above. In order to assess the factors that predicted the 
changes in the severity of SIB, two models were tested. In the first model, using logistic 
regression, subjects who improved were compared to those who remained moderate-
severe at both times. The outcome was the category (improvement versus moderate-
severe SIB at both times) and the effects of a number of predictors, as described above 
were tested. Similarly, in a second model, using the same analytical approach, subjects 
who deteriorated were compared to those who remained mild at both times. Multiple 
imputation was also used to account for missing data in the predictors examined. 
3.5 Strengths and Limitations 
This study has numerous strengths, including the use of two national large 
samples of children with ASD and the ability to examine the consistency of findings in 
two different samples. This study was also able to assess a diverse group of risk factors, 
including prenatal, peri- and neonatal risk factors, report of population estimates of the 
prevalence of SIB and potential trends over time, assess longitudinal changes in the 
presence and severity of SIB, and document baseline characteristics that may influence 
these changes. Despite these strengths, this study also has several limitations, including 
selection bias, omission of other important risk factors, high level of loss to follow-up 
after the baseline visit, difficulties in establishing temporality, and possibility of false 
discovery due to multiple testing.  
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There is a possibility of selection bias in both datasets. The ADDM Network 
surveillance relies on the review of available records, which are dependent on access to 
health care and other services. Further, the ADDM Network was not designed to be a 
representative sample of children with ASD in the US. Thus, children included in the 
ADDM may be different from children in sites that are not part of the ADDM Network. 
Further, children with more access may have been oversampled. However, the effect of 
this selection bias in the ADDM Network may be attenuated by the fact that the ADDM 
Network detected a considerable proportion of children without a prior diagnosis of ASD, 
overcoming to some extent the limitation based on access to health care and diagnostic 
testing. In the ATN registry, only those who are fluent in English, could access 
specialized care academic centers, and agreed to be in the registry were included. It is 
possible that families that agree to be in the registry may differ from those who refuse in 
SES, or other characteristics that may be related to SIB. This selection bias may lead to 
spurious associations and also limit the external validity of our findings. The cross-
sectional nature of some of these analyses impedes our ability to establish a temporal 
relationship between these risk factors and SIB, or exclude reverse causation and the 
effect of recall bias. Despite the fact that we included a large number of predictors, it is 
likely we did not assess the effects of other risk factors for SIB, such as those related to 
the quality of mother-child relationships, physical environment, or assess the effect of 
treatment received. There was a high proportion of loss to follow-up after the first visit in 
the ATN registry. This loss of participants may have introduced selection bias if the 
reasons these families left the study were related to SIB. However, comparing 
participants with data on both visits and those with one visit only did not reveal a clear 
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pattern. For example, the prevalence of SIB was not different between the two groups, 
but those with data on both visits were more likely to have more behavioral issues 
compared to those with one visit. In contrast, those with one visit were more likely to 
have higher cognitive and adaptive scores compared to those with both visits. This high 
level of attrition limited the possibility of looking at these changes after the second visit 
and likely reduced the power to find significant predictors of longitudinal changes. 
Because of the high number of predictors tested and the fact that we did not adjust for 
multiple comparison, there was a possibility of Type I error inflation. Though some have 
proposed an adjustment of the p-value to account for multiple comparisons, we agree 
with the current reasoning among epidemiologists that does not recommend adjustment 
of the p-values for a number of reasons, including the exploratory nature of this study, the 
risk of an inflated type II error, and the scientific rationale behind each predictor that was 
included in these analyses (see Goldman, 1998; Goodman & Royall, 1988; Greenland, 
2008; Hubbard & Lindsay, 2008; Rothman, 1990; Savitz & Olshan, 1995; Thompson, 
1998). In the analyses related to risk factors for SIB, the consistency of our findings in 
two different datasets is an argument against findings due to chance alone. 
3.6 Humans Subjects Approval 
This study was determined by the Colorado Multiple Institutional Review Board 





PREVALENCE OF SELF-INJURIOUS BEHAVIORS AND TRENDS AMONG 
CHILDREN WITH AUTISM SPECTRUM DISORDERS 
4.1 Abstract 
 This descriptive study examined the prevalence of self-injurious behaviors (SIB) 
in 8-year-old children who met the surveillance case definition for autism spectrum 
disorders (ASD) in the Autism and Developmental Disabilities Monitoring (ADDM) 
Network during the 2000, 2006 and 2008 study years. This study also evaluated changes 
in the prevalence of SIB between these study years in a subset of ADDM sites. The 
presence of SIB was based on documentation of relevant behaviors in the child’s clinical 
or educational records. In this multisite, population-based study, the prevalence of SIB 
averaged 27.7% across all sites and years. SIB was documented in 27. 2% of participants 
in 2000 (95% CI: 24.8%, 29.7%); 27. 4% of participants in 2006 (95% CI: 25.8%, 
29.1%); and 28.1% of participants in 2008 (95% CI: 26.7%, 29.5%). The prevalence 
varied between sites. No significant overall and site-specific changes in the prevalence of 
SIB were observed over time (p-values >0.05). The prevalence estimates of SIB reported 
in this population-based sample are lower than findings from clinical samples and more 
likely to reflect the true prevalence of SIB in ASD. These findings are useful for 
increasing awareness of SIB, adapting training of providers, planning of services, and 
informing future studies.  
4.2 Introduction 
Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by deficits in social communication, and the presence of restricted and 
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repetitive patterns of behaviors and interests that are reported before the age of 3 years 
(APA, 2013). These conditions are behaviorally diagnosed, based on the criteria from the 
Diagnostic and Statistical Manual of Mental Disorders-5th edition [DSM-V] (APA, 
2013). The specific causes of ASD are still unknown and researchers agree that ASD are 
most likely the result from gene-environment interactions. Since it was first described, 
numerous epidemiological studies have consistently reported an increase in the 
prevalence of ASD in the US and worldwide (Blumberg et al. 2013; CDC, 2014; CDC, 
2012; Elsabbagh et al. 2012; Kim et al. 2011; Kogan et al. 2009). While there is no 
specific treatment to cure ASD, there are various interventions that target different 
developmental problems found in ASD (social interaction, communication, adaptive 
behaviors skills). In addition to the core symptoms that define ASD, associated 
conditions (comorbidities), including self-injurious behaviors (SIB) have been reported in 
those with ASD (Bagdhadli et al. 2003; Duerden et al. 2012; Minshawi et al. 2014a; 
Rattaz et al. 2015; Weiss, 2002). 
SIB are “different types of behaviors, often highly repetitive and rhythmic, that 
result in physical harm to the individual displaying the behavior. Moreover, such 
behaviors occur without an apparent intent of willful self-harm.” (Fee and Matson, 1992). 
The different types of SIB include head banging, hair pulling, arm biting, eye poking, 
skin scratching (MaClean & Symons, 2002; Minshawi et al. 2014a; Weiss, 2012). The 
presence of these behaviors has individual, familial, and societal consequences (Guinchat 
et al. 2015; Ianuzzi et al. 2014; Mandel, 2008; Richman et al. 2013). Those who engage 
in SIB are at high risk of injuries (e.g., lacerations, contusions, fractures, concussions, 
joint dislocation) that may lead to hospitalizations or even death. Other individual 
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consequences may include exclusion from educational and vocational activities; use by 
caregivers of physical holds that may result in physical abuse (Baghdadli et al. 2003; 
Mandell et al. 2005; Minshawi et al. 2014a; Mudford et al. 2008). In addition, the 
presence of a child who engage in SIB may be a challenge to the entire family or other 
caregivers (LeCavalier et al. 2006). In children with developmental disabilities, the 
societal costs of providing services and treatments to children with SIB are higher 
compared to those without SIB (Devine, 2014).  
Studies, mostly from small clinical samples, have reported high occurrence of SIB 
in ASD (Ando & Yoshimura, 1979; Baghdadli et al. 2003; Duerden et al. 2012; Nicholas 
et al. 2008; Rattaz et al. 2015; Richman et al. 2012). For example, in a study that included 
children enrolled in different treatment programs, Baghdadli et al. (2003) and Duerden et 
al. (2012) reported the presence of SIB in more than 50% of their participants. The 
prevalence of SIB reported in these small clinical samples may be inflated because of 
selection bias, as these studies are more likely to include children who are severely 
affected, and those from families who have better access to services. Thus, findings from 
these studies may not accurately reflect the true prevalence of SIB in ASD and large 
epidemiological studies of the prevalence of SIB in ASD are needed. 
Several studies have also shown that the prevalence of SIB is much higher in 
ASD compared to other developmental disabilities or other conditions (Dominick et al. 
2007; Lance et al. 2014; Matson & Rivet, 2008; McClintock et al. 2003; Richards et al. 
2012; Schroeder et al. 2014). In a review of studies in those with ID by McClintock et al 
(2003), the presence of a comorbid ASD increased the risk for occurrence of SIB. 
Richards et al. (2012) reported similar estimates of prevalence of SIB in children with 
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ASD and those with Fragile X syndrome (FXS), but the prevalence of SIB was higher in 
ASD compared to Down Syndrome (DS). 
Though the existence of significant upward trends in the prevalence of ASD is 
well documented (e.g., Keyes et al. 2012; Rice et al. 2010), data are lacking regarding 
trends in the prevalence of SIB in ASD. Possible changes in the awareness of SIB in 
ASD, differences in available interventions or environmental exposures between cohorts, 
and other factors may result in the occurrence of significant trends in the prevalence of 
SIB. Comparing more recently published studies of SIB in ASD (e.g., Baghdadli et al. 
2003; Duerden et al. 2012; Rattaz et al. 2015) to those published earlier (e.g. Bartak & 
Rutter, 1976; Griffin et al. 1987) suggests that the prevalence of SIB in ASD has 
increased. However, this comparison is likely to be confounded by the mixing of birth 
cohorts, age, and period effects. Thus, studies in this area are needed. 
The purpose of this study is to fill the current gaps in the literature concerning the 
prevalence of SIB in ASD and possible trends in the prevalence. Specifically, this study 
will report on the prevalence of ASD in children included in the ADDM Network; and in 
a subset of sites, assess whether the prevalence of SIB in ASD varies over time. 
4.3 Methods 
4.3.1 Participants 
This study included 8-year-old children who met the surveillance case definition 
for ASD in the ADDM Network during the 2000, 2006 and 2008 study years (CDC 2007; 
CDC 2009: CDC 2012) . The ADDM Network is a record-based surveillance system for 
ASD and other developmental disabilities started by the CDC in 2000, involving multiple 
sites in the US. Participating sites change periodically, based on a competitive application 
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process. Details of the ADDM methodology have been published by others (e.g. CDC 
2010; CDC 2014; Rice et al. 2007; Sell et al. 2012, Wiggins et al. 2012). In brief, a 
sample of clinical and educational records of 8-year-old children living in the different 
ADDM catchment areas during each surveillance year are screened for trigger words, 
such as child likes to play alone, child does not talk, or for the presence of a documented 
diagnosis of ASD. These records are abstracted by trained abstractors and a composite 
record for each child is created and then reviewed by clinicians with expertise in the 
diagnosis of ASD. The surveillance case definition is based on meeting the criteria from 
the DSM-IV-TR, whether or not the child has a previous documented diagnosis of ASD 
in the records. The clinicians who review the records also document whether these 
records contain information on a number of associated features, including SIB. Data on 
the diagnosis of ASD are combined with census data (population-based SES indicators) 
and, if available, birth certificate data. To assure reliability between sites, a strict protocol 
was established by the CDC and is used by all the ADDM sites; ongoing training is 
provided to abstractors and clinicians. Reliability checks of diagnostic classification is 
done on 10% of records among expert clinicians and agreement of greater than 80% have 
been reported (Rice et al. 2007; Sell et al. 2012).  
Though participants from all ADDM sites were included in the analyses related to 
the prevalence of SIB, only those from four sites that were continuously participated in 
the ADDM Network during all the above three study years were included in the analyses 
of trends in the prevalence. 
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4.3.2 Study Design 
This descriptive cross-sectional study examined data from a population-based 
ASD surveillance system. The primary outcome was determined by the presence in the 
child’s records of any behaviors that were considered as SIB by the clinician who 
reviewed the records (e.g., self-hitting, head banging). The explanatory variables were 
study site and study year.  
This study was determined by the Colorado Multiple Institutional Review Board 
to be exempt from human subjects research review. 
4.3.3 Data Analysis 
4.3.3.1 Variables Definition 
The outcome (SIB) was categorized as yes (cases) or no (non-cases). Site and 
study years were included as categorical variables.  
4.3.3.2 Missing Data 
A total of 13 participants (i.e., 0.16 % of the total sample) who met the criteria for 
inclusion were excluded in these analyses because of missing data on the outcome (SIB). 
No participants had missing data on the explanatory variables. 
4.3.3.3 Analytical Strategy 
The prevalence of SIB during each year was calculated as the proportion of 
children with ASD included during that study year (cases and non-cases) who were 
identified with SIB (cases). We estimated overall and site-specific prevalence (point 
estimates and 95% CI) during each study year using Poisson regression with robust error 
variance (Wolkewitz, Bruckner, & Schumacher, 2007; Zou, 2004).  
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In the analyses related to trends in the prevalence, the overall, and site-specific 
trends in SIB were tested by comparing the prevalence of SIB between study years using 
the chi-square test of linear trend at the significance level of 0.05. 
4.4 Results 
Six ADDM sites were included in the 2000 study year, 11 sites in the 2006 study 
year, and 14 sites in 2008 study year. A total of 8,065 children aged 8 years who met the 
ASD case definition were included: 1,293 children in the 2000 study year, 2,757 in the 
2006 study year, and 4,015 in the 2008 study year.  
The overall prevalence of SIB in each study year is shown in Table 4.1. Important 
variations in prevalence between sites were observed in all three years (Table 4.1, Figure 
4.1). The lowest prevalence was reported in Maryland in 2000 (19.8%) and 2006 
(12.8%), North Carolina in 2008 [19.1%] (Table 4.1, Figure 4.1). The highest prevalence 
was reported in West Virginia in 2000 (36.5%), Pennsylvania in 2006 (54.0%), and Utah 
in 2008 (42.3%). 
 
Fig.4.1 Prevalence of self-injurious behaviors in ADDM sites during the 2000, 2006 
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Table 4.1 Overall prevalence and prevalence per site of self-injurious behaviors per study 
                year among participants with ASD included in the ADDM Network during the  
                2000, 2006, and 2008 study years. 
Site name Prevalence and 95% 
CI in 2000 
Prevalence and 95% 
CI in 2006 
Prevalence and 
95% CI in 2008 
Overall  27. 2 (24.8, 29.7) 27.4 (25.8, 29.1) 28.1 (26.7, 29.5) 
Alabama - 31.1 (25.5, 38.0) 30.5 (24.3, 38.1) 
Arizona 23.5 (18.9, 28.9) 23.2 (19.8, 27.2) 24.6 (21.2, 28.7) 
Arkansas - - 32.7 (22.1, 48.3) 
Colorado - 37.0 (26.2, 52.4) 32.0 (27.0, 37.9) 
Florida - 20.7 (14.5, 29.5) 22.3 (17.3, 28.7) 
Georgia 24.9 (20.3, 30.5) 28.5 (24.7, 32.8) 27.4 (24.1, 31.3) 
Maryland 19.8 (14.6, 26.7) 12.8 (9.2, 17.7) 21.1 (17.2, 26.0) 
Missouri - 28.3 (23.8, 33.7) 31.6 (27.2, 36.8) 
New Jersey 30.5 (25.7, 36.2) - 27.6 (21.2, 36.0) 
North Carolina - 23.9 (18.9, 30.1) 19.1 (16.0, 22.7) 
Pennsylvania - 54.0 (46.6, 62.6) 38.7 (33.1, 45.4) 
South Carolina 33.5 (26.9, 41.9) 27.5 (21.9, 34.6) 38.0 (32.4, 44.2) 
Utah - - 42.3 (31.0, 58.1) 
West Virginia 36.5 (28.4, 47.1) - - 
Wisconsin - 31.5 (26.3, 37.7) 34.1 (28.8, 40.3) 
 
Among the four sites with data on these three study years, the overall trend was 
positive, but not statistically significant (Table 4.2). Further, the trend in each of the sites 
was also non-significant (Table 4.2, Figure 4.2). 
Table 4.2 Prevalence by site and study year and test for linear trend among the four sites  
                included in the ADDM Network during the 2000, 2006, 2008 study years. 
Site name Prevalence 
and 95% CI 
in 2000 
Prevalence 
and 95% CI 
in 2006 
Prevalence 










Overall  25.0 (22.3, 28.0) 23.8 (21.7, 26.1) 27.0 (25.0, 29.2) 1.45 0.15 
Arizona 23.5 (18.9, 28.9) 23.2 (19.8, 27.2) 24.6 (21.2, 28.7) 0.46 0.64 
Georgia 24.9 (20.3, 30.5) 28.5 (24.7, 32.8) 27.4 (24.1, 31.3) 0.61 0.54 
Maryland 19.8 (14.6, 26.7) 12.8 (9.2, 17.7) 21.1 (17.2, 26.0) 0.87 0.38 
South 
Carolina 







Fig.4.2 Trends in the prevalence of self-injurious behaviors in selected ADDM sites in 
2000, 2006 and 2008 study years. 
 
4.5 Discussion 
The purpose of this study was to provide population-based estimates of the 
prevalence of SIB among children with ASD in the ADDM Network during the 2000, 
2006 and 2008 study years and, among four sites that participated in the ADDM Network 
during all these study years, to assess whether there were significant changes in the 
reported prevalence. The overall prevalence was 27.7% and the prevalence for the 2000, 
2006, and 2008 study years were 27.2%, 27.4%, and 28.1%, respectively. There was 
substantial variability between sites on the prevalence. Among the four sites with data on 
these three study years, the overall trend was positive, but not statistically significant.  
This study reported lower prevalence estimates of SIB than those from studies 


















Richards et al. 2012). These differences may be due to the fact that these clinical studies 
oversampled severe children and those who could access services. Our study avoided 
selection bias due to severity and limited access to services by capturing children from 
both educational and clinical sources, and including children who did not have any 
previous documented diagnosis of ASD in their records (accounting for 33% of the 
sample). These children could not have been included in studies using clinical samples, 
since they did not have a diagnosis of ASD. Therefore, the inclusion of a high proportion 
of children without a diagnosis of ASD from the community may explain the lower 
prevalence in this study compared to others. Though the prevalence reported here was 
lower, this study still documented SIB in more than a quarter of 8-year-old children with 
ASD. This is still a much higher proportion of children, compared to findings of 10-20% 
prevalence in those with ID (McClintock et al. 2003). The reasons behind this high 
occurrence of SIB in ASD must be explored, in light of the potentially serious individual, 
familial, and societal consequences of these behaviors.  
We also documented substantial variations in the prevalence of SIB between 
different sites in the ADDM network. These geographical variations may reflect 
differences between sites in a number of factors, such as access to services, type of 
records assessed, racial and ethnic composition and/or environmental exposures. The 
primary objective of this study was not to elucidate factors that may explain these 
differences. This issue requires further exploration in future studies. 
Despite significant increases in the prevalence of ASD in the past several decades, 
this study did not identify significant changes in the prevalence of SIB in ASD over a 
period from 2000 to 2008. It is possible that these are true findings, or this study did not 
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have sufficient power to detect changes, since we included only four sites and three study 
years. Significant birth cohort effects (trends) may require more time to manifest. 
Nevertheless, we did detect a non-significant overall positive trend, meaning that the 
proportion of 8-year-old children with a documented report of SIB tended to increase 
over time. These results were similar to the positive trends in the prevalence of ASD from 
2000 to 2004 reported by Rice et al. (2010) in a study that included these same four 
ADDM sites. Likewise, these findings mirrored those from comparing studies of SIB in 
ASD published recently to older studies. Increase in the awareness of SIB, decrease in the 
age of diagnosis of ASD, and other factors may explain these results. 
This study has numerous strengths: the use of a large population-based sample of 
children with ASD, inclusion of children with less severe symptoms, or limited access to 
services, and evaluation of possible birth cohort effects on the prevalence of SIB in ASD. 
Despite these strengths, the study also has some potential limitations. First, the ADDM 
Network was not intended to be a representative sample of 8-year-old children with ASD 
in the US. These results are more likely to reflect the prevalence of SIB in sites included 
in ADDM Network than in the general population. Therefore, caution is required when 
attempting to extrapolate these findings in other settings. Secondly, these results might 
have been influenced by selection bias. The ADDM Network is a record-based 
surveillance, and the records reviewed depend on a number of factors, such as access to 
services, level of training of providers, and authorization for ADDM sites to access these 
records. Some sites had access to both educational and clinical records, while others 
could only access clinical records. The descriptive nature of this study does not allow 
assessment of the impact of this potential bias. While survival bias is unlikely to have 
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biased these findings, as there is no documented excess mortality among children with 
ASD before the age of 8 years, studies should attempt to assess the prevalence of SIB in 
ASD among younger children, as it is possible to diagnose both SIB and ASD before 24 
months. Finally, we did not have data on the type of SIB displayed.  
Despite these limitations, this study has confirmed the high prevalence of SIB in 
ASD and important variability between sites in a large population-based sample of 
children with ASD. Policy makers should use this information for planning of services, 
training providers, increasing awareness of SIB in ASD among first responders, service 
providers, and allocate more funding for studies of SIB in ASD. Researchers can use 
these data to inform etiologic studies, as these findings show the necessity for large 
studies of risk factors for SIB in ASD, so systematic screening can be institutionalized, 
and prevention strategies developed. Parents and advocacy groups should be aware of the 
high prevalence of SIB in ASD. Future studies are needed to examine the prevalence of 
different types of SIB (e.g. head banging, self-hitting, self-pinching, arm biting). Large 
epidemiological studies that will include children with other developmental disabilities 
are also needed for comparison purposes. Studies that will assess factors that may explain 
regional differences found in this study may be informative in identifying regional 
characteristics that may explain these differences. Similarly, future studies that include 
more sites and study years to evaluate the existence of possible trends in the prevalence 




RISK FACTORS FOR SELF-INJURIOUS BEHAVIORS IN CHILDREN WITH 
AUTISM SPECTRUM DISORDERS 
5.1 Abstract 
This cross-sectional study examined potential risk factors for self-injurious 
behaviors (SIB), and modification of these associations by sex, IQ, and maternal 
education, in children with autism spectrum disorders (ASD) included in two databases: 
the Autism Treatment Network (ATN) and the Autism and Developmental Disabilities 
Monitoring (ADDM) Network. Children’s records in ADDM and a questionnaire in ATN 
were used to determine SIB. Diverse risk factors were examined. A non-linear mixed 
model including site as a random effect was used to test the associations. Multiple 
imputation was employed to account for missing data. Most findings were similar in both 
datasets. Positive associations were found with developmental regression, sensory 
abnormalities, sleep problems, psychiatric and developmental conditions, maladaptive 
behaviors, SES factors, and low adaptive behaviors and cognitive skills. No associations 
were detected with child’s sex and race. In the ATN dataset, a negative association was 
reported with child’s age; no association with autism severity, gastrointestinal and 
attention problems, and parental age. In the ADDM dataset, a positive association was 
found with neurologic conditions and no association with genetic conditions. No effect 
modifications were observed. Implications of these findings are discussed in relation to 




 Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by qualitative impairments in social communication; and the presence of 
restricted and repetitive patterns of behaviors, interests or activities that are reported 
before the age of 3 years (APA, 2013). Various comorbid conditions, including self-
injurious behaviors (SIB) are also reported in those with ASD (Baghdadli et al. 2003; 
Duerden et al. 2012; Minshawi et al. 2014a; Rattaz et al. 2015; Weiss, 2002). 
Self-injurious behaviors include different types of behaviors, often highly 
repetitive and rhythmic, that result in physical harm to the individual displaying the 
behavior. Moreover, such behaviors occur without an apparent intent of willful self-harm 
(Fee & Matson, 1992). Head banging, head rubbing, eye poking, hair pulling, self-biting 
are among the most reported types of SIB (Minshawi et al. 2014a; Weiss, 2002). The 
etiology of SIB is not completely understood, but most researchers agree that SIB arises 
from interactions between various biological and environmental factors (Devine, 2014; 
Guess & Carr, 1991; Kurtz et al. 2012). 
Some researchers have suggested that providing intensive behavioral 
interventions during early childhood may lead to better outcomes for challenging 
behaviors in some children (Eikeseth, 2009; Murphy et al. 2005; Richman, 2002). In 
contrast, without adequate interventions, SIB tends to become chronic, difficult to 
manage, and result in individual consequences, including injuries; hospitalizations, death; 
exclusion from educational and vocational activities; and admission in residential 
facilities (Devine, 2014; Ianuzzi et al. 2014; Mandell, 2008; Minshawi et al. 2014b). 
Families may experience recurrent visits to emergency room and high medical 
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expenditures (Ianuzzi et al. 2014; LeCavalier et al. 2006). The 1989 NIH Consensus 
Statement estimated the annual individual costs of services for SIB at more than 
$100,000 (Devine, 2014). 
Prevention of SIB is important; however, understanding of the risk factors in ASD 
is limited; as large, high-quality epidemiological studies are lacking. Most data on the 
risk factors are derived from studies that used small clinical samples or from studies in 
those with ID. Findings from these small studies may be distorted by selection bias 
(overinclusion of severe cases and those with access to services), lack of power, and 
limited external validity. Associations reported in those with ID may not be completely 
applicable in ASD (Furniss et al. 2012). Thus, large epidemiological studies are needed. 
Two reviews of literature on the risk factors for SIB in ASD, including mostly 
clinical studies, have been published (Minshawi et al. 2014a; Weiss et al. 2002). In brief, 
no associations were reported with child’s sex, race or ethnicity, developmental 
regression, and GI problems (Baghdadli et al. 2003, Horovitz et al. 2011; Kozlowski et 
al. 2012; Lance et al. 2014; Maenner et al. 2012; Wiggins et al. 2009). Significant 
associations were found with low IQ and adaptive behaviors skills, the presence of 
challenging behaviors, sleep and sensory problems (Baghdadli et al. 2003; Carroll et al. 
2014; Duerden et al. 2012; Goldman et al. 2011; Kanne & Mazurek, 2011; Mayes & 
Calhoum, 2011; Mazurek et al. 2013; Richards et al. 2012). Discrepant results were 
reported with child’s chronological age (Baghdadli et al. 2003; Esbensen et al. 2009; 
Murphy et al. 2009) and autism severity (Baghdadli et al. 2003; Duerden et al. 2012). 
It is also important to assess whether the reported associations with SIB vary 
according to child’s sex, IQ, and maternal education. Similar findings have been 
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described by others. Braun et al. (2011) reported a significant effect modification by sex 
on the association between prenatal exposure to Bisphenol and developmental or 
emotional disturbances. Cervantes et al. (2014) found an effect modification by IQ of the 
association between repetitive behaviors and diagnostic group. The association between 
IQ and preterm birth in Non-Hispanic White children varied according to maternal level 
of education (Schieve et al. 2010). 
The purpose of this study is to fill the current gaps in the literature of SIB in ASD 
by assessing various potential risk factors for SIB in two large and distinct samples, and 
explore effect modification by sex, IQ, and maternal education. 
5.3 Methods 
5.3.1 Participants 
This study included children from two samples (ADDM Network and ATN). In 
ADDM, children from all sites, who met the surveillance case definition for ASD during 
the 2002, 2006 and 2008 study years were included. The ADDM Network is a 
surveillance system for ASD and other developmental disabilities among 8-year-old 
children in the US that was started by the CDC in 2000. The ADDM methodology has 
been extensively described by others (Rice et al. 2007; Sell et al. 2012, Wiggins et al. 
2012). In short, a sample of educational and clinical records of 8-year-old children living 
in different ADDM catchment areas in the US are screened for trigger words, or a 
documented diagnosis of ASD, and records that satisfy these criteria are abstracted 
thereafter. Expert clinicians review the composite record for each child to decide whether 
the child meets the surveillance definition for ASD based on the DSM-IV-TR criteria. 
Census data and birth certificate information, if available, are also included. In the ATN, 
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children enrolled in the registry from 2008-2012 were included. The ATN is a network of 
17 academic health centers in North America that was initiated by Autism Speaks in 
2005. The primary goal is to improve clinical care for children with ASD. The details of 
the ATN registry methodology have been presented elsewhere (Coury et al. 2009; Kanne 
et al. 2014; Kuhlthau et al. 2010; Perrin et al. 2012; Sikora et al. 2012). In summary, 
families of children diagnosed with ASD within the preceding 12 months and planning to 
receive care in one of the ATN centers are invited to participate in the registry. The 
diagnosis of ASD is based on the child’s meeting the DSM-IV-TR criteria and is also 
confirmed by the ADOS-G. In addition, the child should not be in foster care and parents 
must be fluent in both written and spoken English. In general, about 50% of families 
invited agree to participate in the registry. Children ages 2-18 years are included. 
5.3.2 Study Design 
This is a cross-sectional study using data from a surveillance system and a clinic-
based registry of children with ASD. This study was determined by the Colorado 
Multiple Institutional Review Board to be exempt from human subjects research review. 
5.3.3 Measures 
In the ADDM, information on the risk factors and SIB were obtained from 
clinical and educational records. In ATN, different instruments were used: the ATN 
demographic form; the Parental Concerns Questionnaire [PCQ] (McGrew et al. 2007); 
various cognitive tests, such as Stanford Binet Scales of Intelligence-5th Edition 
Abbreviated Battery IQ [ABIQ] (Roid, 2003); Mullen Scales of Early Leaning [MSEL] 
(Mullen, 1995); the Vineland Adaptive Behavior skills [VABS-2] (Sparrow, Cicchetti, & 
Balla, 2005); the ADOS-G (Lord et al. 2000). 
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5.3.4 Data Analysis 
5.3.4.1 Variables Definition and Categorization 
The primary outcome was SIB (yes/no). In ADDM, SIB was determined by the 
presence in the child’s records of any behaviors characterized as SIB by the clinician who 
reviewed the records. In ATN, the presence of SIB was based on parent’s response on the 
PCQ. Risk factors examined included sociodemographic, development, autism severity, 
somatic conditions, other challenging behaviors, and the presence of other comorbid 
diagnoses. Severity of ASD was based on ADOS-G calibrated scores, which were 
derived based on published algorithms (Gotham et al. 2009; Hus & Lord, 2014). The 
Table 5.1 provides details on the risk factors examined in both datasets. In ATN, plots of 
SIB and continuous predictors showed linear relationships (see Appendix). Therefore, 
these variables were analyzed as continuous.  
Table 5.1 Description of risk factors for self-injurious behaviors examined in the ADDM 
Network and ATN datasets. 
 
















Child’s age Sociodemographic Continuous No Yes N/A 
Maternal age* Sociodemographic Continuous No Yes N/A 
Paternal age * Sociodemographic Continuous No Yes N/A 
Maternal education Sociodemographic Categorical No Yes College degree or 
higher (reference); 
No College degree 
Type of health 
insurance 




Median income in 
the census tract 
















Presence of previous 
diagnosis of ASD in 
the child’s records 
Sociodemographic Categorical Yes  No No (reference); Yes  
Developmental 
regression 
Developmental Categorical Yes  Yes No (reference); Yes 
IQ scores Developmental Continuous No Yes N/A 





Developmental Continuous No Yes N/A 
Adaptive behaviors 
skills categories 





Somatic Categorical Yes Yes No (reference); Yes 
Sleep problems* Somatic Categorical Yes Yes No (reference); Yes 
GI problems* Somatic Categorical No Yes No (reference); Yes 
Autism severity Autism severity Continuous No Yes N/A 
Genetic conditions 

























Categorical Yes Yes No (reference); Yes 
Aggressive 
behaviors 
Behavioral Categorical Yes Yes No (reference); Yes 
Temper tantrums Behavioral Categorical Yes No  No (reference); Yes 
Argumentative 
behaviors 
Behavioral Categorical Yes No  No (reference); Yes 




5.3.4.2 Missing Data and Multicollinearity 
Prior to the analyses, we explored missing data and potential multicollinearity.  
In ATN, family income was missing for more than 80% of participants. Therefore, we 
eliminated this variable. Furthermore, the proportion of missing data on paternal 
education (13.0%) was higher than maternal education (5.8%). Since a significant 
correlation was found between the two variables (0.45, p <0.0001), we kept only 
maternal education. In both datasets, IQ and adaptive behavior skills were missing in 
more than 10% of participants. We used multiple imputation to avoid loss of power,  
or potential biases (Janssen et al. 2010; Langkamp et al. 2010; Rubin, 1987). We imputed 
missing data using the Fully Conditional Specification technique [FCS], since the 
variables to be imputed were both categorical and continuous and the pattern of 
missingness was arbitrary (Lee & Carlin, 2010; Van Buuren, 2007). We imputed 10 
datasets using models that included all the explanatory variables and the outcome 
(Donders et al. 2006; Moons et al. 2006). We imputed within each site to account for 
between-site variability and these 10 site-specific datasets were combined thereafter. We 
also estimated the Variance Inflation Factor (VIF) and the tolerance for each variable to 
assess possible multicollinearity. None of the variables had a VIF>10 or a tolerance 
<0.10. Therefore, all the variables were included in these analyses. 
5.3.4.3 Analytical Strategy 
In multiple imputation analyses, we applied a two-step approach. First, the 
association between SIB and risk factors in each imputed dataset was assessed using a 
non-linear mixed model that included site as a random effect to account for between-site 
variability. Next, the results from the imputed datasets were combined using Rubin’s 
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formula (Rubin, 1987) to obtain the final parameter estimates and standard errors. Three 
predictors: sex, IQ, and maternal education were kept in the final model, independent of 
their level of significance, as they were part of the interactions analyses. Sleep and GI 
problems, maternal and paternal age were only examined in sub-analyses (a and b). 
The same analytical approach was used to test the effect modification by sex, IQ, 
and maternal education. The models tested included SIB, significant predictors and their 
interactions with sex and IQ (ADDM); sex, IQ, and maternal education (ATN dataset). In 
all analyses, we used PROC GLIMMIX (SAS version 9.3, Cary, NC) and the alpha level 
of 0.05 for significance. 
5.4 Results 
 A total of 8,065 participants were included in ADDM and 5,102 in the main 
analyses of ATN; 4,615 in sub-analysis a (GI and sleep problems); 3017 in sub-analysis b 
(parental age). Participants with missing data on the outcome were excluded. The 
distributions of participant’s characteristics are presented in Table 5.2. 
Table 5.2 Characteristics of children with autism spectrum disorders included in the 
ADDM Network and ATN analyses of risk factors for self-injurious behaviors 
in autism spectrum disorders. 
 






Sample size 8065 5102 4615 3017 
Study year 2000, 2006, 2008 2008-2012 2009-2012 2008-2010 
SIB 
  Yes  














  Female 











449  (15.84) 
2384 (84.12) 
Race 
  NHW 
  NHAA 
  Hispanics 
  Others 


































  No College degree 
  College or higher 

















  No College degree 
  College or higher 


















  Private  
  Public  
  Others 





















Previous diagnosis of 
ASD 
  Yes 



















Census tract income  
  Quartile1 (Lowest) 
  Quartile2 
  Quartile3 






















  Yes  
  No 


















  Yes  
  No 


















  Yes 















  Yes 


















conditions- Anxiety  
  Yes  
  No 























  Yes  
  No 
































  Yes 
  No 






















1138  (68.10) 





  Yes 
  No 



























  Yes 
  No 



















  Yes 
  No 

















Age of the child 
  Mean (SD) 














  Mean (SD) 












522 (17.30)  
IQ categories 
  Not Delayed 
  Delayed 



















  Mean (SD) 




















  Delayed 





















Severity of autism 
  Mean (SD) 















  Yes 
  No 






























  Yes 
  No 


















  Yes 
  No 


















  Mean (SD) 













  Paternal age 
  Mean (SD) 














5.4.1 Risk factors for Self-Injurious Behaviors 
In both datasets, positive associations were found with developmental regression; 
behavioral risk factors; presence of sleep problems and sensory abnormalities; SES 
factors [public insurance, lower census tract median income, previous diagnosis of ASD 
in the records], lower IQ and adaptive behaviors skills (Table 5.3). No significant 
associations were reported with sex, race or ethnicity (Table 5.3). In ADDM, positive 
associations were found with neurologic conditions and no association with genetic 
conditions. In ATN, a negative association was found with child’s chronological age and 
no associations were detected with attention and GI problems, severity of ASD, and 
parental age (Table 5.3). In complete case analyses, results were similar to multiple 
imputation analyses, except in few instances, such as associations with sex and race 
became significant in the ADDM (see Appendix).  
5.4.2 Effect Modification 







  Table 5.3 Parameter estimates and odd-ratios of self-injurious behaviors in children with ASD included in the ADDM  










Beta and SE  OR and 95% CI  P-value  Beta and SE OR and 95% CI P-value  
Sex  
  Female 



















Race of the child 
  African American 
  Hispanic 
  Others 







0.85 (0.71, 1.00) 
0.93 (0.75, 1.16) 








-0.30  (0.14) 
-0.03  (0.13) 
0.16  (0.16) 
0 
 
0.74 (0.54, 1.02) 
0.97 (0.73, 1.29) 







Developmental regression  
  Yes 




















  Yes  




















  Yes 











0.33  (0.08) 
0 
 






  Yes 







































Adaptive behaviors skills scores 
 
 














Beta and SE  OR and 95% CI  P-value  Beta and SE OR and 95% CI P-value  
Cognitive skills groups 
  Not Delayed 



















Cognitive skills scores N/A N/A N/A -0.003 (0.002) 0.99 (0.99, 1.002) 0.27 
Developmental conditions/ 
Hyperactivity 
  Yes 



























  Yes 


























  Yes 





















  Yes 

























Census tract median income  
  Quartile1 (lowest) 
  Quartile2 
  Quartile3 







1.26 (1.03, 1.55) 
1.02 (0.84, 1.22) 






















Previous Dx of ASD  
  Yes 



































Beta and SE  OR and 95% CI  P-value  Beta and SE OR and 95% CI P-value  
Neurologic conditions 
  Yes 




















  Yes 




















  Yes 




















  Yes 



















Child’s age  N/A N/A N/A -0.05 (0.01) 0.95 (0.92, 0.97) <0.0001 
Severity of autism N/A N/A N/A -0.02 (0.02) 0.98 (0.93, 1.02) 0.11 
Health insurance 
  Public 
  Other 


















1.34 (1.09, 1.64) 







  No College degree 




















  Yes 



















Maternal age ** N/A N/A N/A -0.01 (0.01) 0.99 (0.96, 1.01) 0.31 
Paternal age** N/A N/A N/A -0.004 (0.01) 0.99 (0.97, 1.02) 0.65 
  *Estimates are adjusted for the other variables included in the model 





 The purpose of this study was to evaluate associations between SIB and potential 
risk factors in two large samples of children with ASD, and assess whether any identified 
relationships varied according to child’s sex, IQ, and maternal education. In both 
datasets, developmental and behavioral factors; somatic conditions and SES factors were 
associated with SIB. No associations were found with child’s sex, race or ethnicity. For 
risk factors included in both datasets, results differed on the association with attention 
problems. No effect modification by child’s sex and IQ, or maternal education was 
detected. In the ATN, child’s age was associated with SIB; GI problems, parental age 
were not. In the ADDM, neurologic conditions were associated with SIB, but genetic 
conditions were not. 
Despite major differences between the two datasets, including the nature of the 
samples, the way SIB and risk factors were collected and analyzed, the age of 
participants, geographical distribution of the sites, we found important similarities.  
Like others (Carroll et al. 2014, Matson et al. 2008; Rao & Landa, 2014, 
Schroeder et al. 2014), we found significant associations between SIB and behavioral 
factors, such as aggression, hyperactivity, temper tantrums, anxiety, and mood problems. 
This association may be due to a common etiologic pathway [e.g. lack of inhibition due 
to deficit in emotional regulation] (Gueller, 2005; LeCavalier et al. 2006; Prinzmant & 
Laurent, 2011; Quek et al. 2012). Further, this association may also be the result of 
reporting bias (parents of children with SIB may consider these children as being 
“difficult” and endorse other maladaptive behaviors). The cross-sectional nature of this 
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study does not allow us to differentiate these possibilities. Nevertheless, these findings 
point to the necessity to inquire about SIB when other challenging behaviors are reported. 
In line with other studies, (Baghdadli et al. 2003; Duerden et al. 2012), we found 
significant relationships between low adaptive behaviors and cognitive skills and higher 
occurrence of SIB, though the association with IQ was not significant in the ATN. Even 
so, these associations support the environmental theory of SIB (Devine, 2014), such that 
children with limited socialization and communication skills will use SIB to gain social 
interaction or communicate with others. The association with adaptive behaviors skills 
may also be due to frustration experienced by children with low adaptive skills because 
of the inability to perform daily activities. This frustration may be expressed as SIB. In 
contrast to past studies (Lance et al. 2014; Wiggins et al. 2009), we found significant 
associations with developmental regression. These conflicting findings may be due to 
methodological differences between studies, such as sample size or inclusion of more 
severe participants. Our results support the hypothesis proposed by Lance et al. (2014), 
that children who experience regression will revert back to younger behaviors, including 
stereotypies, resulting in increased occurrence of SIB (Mahan, 2012).  
The results of this study also confirmed previous reports of associations with 
sensory abnormalities (Duerden et al. 2012; Klintwall et al. 2011) and sleep problems 
(Goldman et al. 2011; Mannion et al. 2013). Children with sensory disturbances may use 
SIB as a mechanism to regulate arousal, and those with sleep problems may feel tired, 
irritable. Under these circumstances, SIB may be used as a way to avoid social interaction 
or difficult demands (Thompson & Carusso, 2002). 
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Factors related to access to services were also found to be associated with SIB. In 
the ATN, low maternal educational attainment and having public insurance were 
associated with increased odds of SIB. In the ADDM data, living in a low income census 
tract and having a previous documented diagnosis of ASD were related to SIB. These 
associations may reflect the effects of access to services on SIB based on SES. This 
hypothesis is supported by the documentation of disparities in access to ASD services 
based on individual (Irvin et al. 2008; Liptak et al. 2008) and community factors (Thomas 
et al. 2012). Unlike our results, Bagdhdadli et al. (2003), Schroeder and al. 2014 did not 
find an association between SIB and parental class and maternal education. Differences 
between countries (France, Peru vs. U.S) may explain these discrepancies. The 
association with maternal education may also be due to other factors, such as the 
propensity to engage in unhealthy behaviors (alcohol and drug abuse, smoking), limited 
coping skills and understanding of child’s development in mothers with lower 
educational level (Mathews, 2011; Yu et al. 2002). 
In accordance with others, we did not find association with child’s sex, or 
race/ethnicity. It is possible that the ages ranges included in this study (mean= 5.71 years 
in ATN) limited the ability to detect important sex differences, as behavioral changes 
related to menses have been reported in female adolescents with ID (Quint, 2008).  
This study did not detect any significant effect modification by sex, IQ, and 
maternal education. It is possible that these analyses lacked sufficient power because of 
the high number of interactions that were tested. 
A few variables were only available in one dataset. In the ATN, similar to others 
(Baghdadli et al. 2003; Esbensen et al. 2009; Ming et al. 2008), our study found a 
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negative association with child’s chronological age. This age effect may reflect the 
general developmental maturation with age or differences in the duration of interventions 
received between younger and older children. In line with others, we did not find 
significant associations with GI problems (Maenner et al. 2012; Nikolov et al. 2009). 
This is in contradiction with findings from clinical reports (Christensen et al. 2009; 
Kennedy & Thompson, 2000). The lack of association with GI problems may be due to 
the broader definition of GI problems used in our study, or confounding by other risk 
factors, as GI problems have been associated with sleep and sensory problems (Maenner 
et al. 2012; Nikolov et al. 2009). In contrast to Baghdadli et al. (2003) and Rattaz et al. 
(2015), we did not detect significant association between SIB and severity of ASD. 
However, our findings were consistent with those reported by Duerden et al. (2012) and 
Hill et al. (2014), who both used ADOS-G calibrated scores. Baghdadli et al. (2003) and 
Rattaz et al. (2015) used CARS to assess severity. These differences in the measure used 
may explain these contradictory findings. It is possible that ADOS-G calibrated scores 
may not be the best measure of severity when exploring the association between SIB and 
autism severity, in light of previous associations reported between SIB and the 
stereotyped/repetitive behaviors domain (Mahan, 2012). However, ADOS-G calibrated 
scores do not include stereotyped/repetitive behaviors domain scores. These findings may 
also be affected by over adjustment bias, as calibrated scores are already adjusted for age 
and verbal abilities. Including variables, such as adaptive behaviors and IQ may result in 
possible over adjustment. In ADDM, in line with others (Viscidi et al. 2013), positive 
association was found with the presence of neurologic conditions , such as seizure 
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disorders, but no association was found with the presence of genetic conditions. The 
small number of participants with genetic conditions may explain this finding. 
This study has several strengths: inclusion of children with ASD from two large 
national datasets, high number of risk factors tested and the possibility to assess the 
consistency of the findings in the two datasets; use of multiple imputation to account for 
missing information, and exploration of effect modifications. Despite the above strengths, 
this study has some limitations. Selection bias may have influenced our findings. In the 
ATN, we included only families who were fluent in English, could afford specialized 
care, and agreed to be included in the registry. Families who refused to participate may 
be different from those included in these analyses in a number of factors that may have 
influenced the outcome. The ADDM Network may also be biased toward those who had 
access to services and was not intended to be a representative sample of children with 
ASD in the US. Though selection bias may have influenced our findings; the similarity of 
our results in two different datasets may be an argument against that possibility. 
Nevertheless, caution is required when generalizing these findings in other populations. 
Most risk factors had small effects, such that all predictors explained less than 30% of the 
variance of SIB. We did not include potentially important risk factors, such as prenatal, 
perinatal, neonatal factors, and those related to the physical and social environments 
(quality of social interaction with caregivers, exposure to environmental toxins). We used 
a cross-sectional design, thus, we cannot infer on the temporal relationship between SIB 
and these risk factors, exclude reverse causation or reporting bias. We did not include 
information on services received by the participants, as these interventions may have 
confounded associations between SIB and the risk factors. Multiple testing may also have 
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influenced our findings because of the high number of statistical tests realized. In line 
with a current thinking in epidemiology (e.g., Goldman, 1998; Goodman & Royall, 
1988), we did not adjust for multiple comparisons because of the exploratory nature of 
the study, the scientific rationale behind the inclusion of each risk factor, and the 
consequences of a type II error. The consistency of these results in two datasets does not 
suggest that these findings are due to chance alone. 
Despite these limitations, findings from this study in two different datasets 
support the role of behavioral, developmental, somatic conditions, and SES factors in the 
occurrence of SIB in ASD. In line with others, these results support the multifactorial 
etiology of SIB and the need for a comprehensive and multidisciplinary approach for 
managing and treating SIB in ASD (Isacksen et al. 2012; Minshawi et al. 2014b). 
Clinicians should provide a comprehensive assessment of children with SIB in order to 
possibly exclude conditions that can be managed medically. Providing interventions that 
target some of these risk factors (sleep, sensory abnormalities, adaptive behaviors skills) 
in addition to IQ may lead to prevention of SIB in some children. Researchers should use 
these data to inform future longitudinal studies, which should also examine other risk 





PRENATAL, PERINATAL, AND NEONATAL RISK FACTORS FOR  
SELF-INJURIOUS BEHAVIORS IN CHILDREN WITH AUTISM SPECTRUM 
DISORDERS 
6.1 Abstract 
Self-injurious behaviors (SIB) are common in autism spectrum disorders (ASD) 
and have serious consequences. Prenatal, perinatal and neonatal factors may be 
associated with SIB via direct neurologic insult or as markers of adverse pregnancy 
circumstances. We explored associations between such factors and SIB in children with 
ASD from the Autism and Developmental Disabilities Monitoring (ADDM) Network. 
Pre-, peri- and neonatal factors were abstracted from birth certificates; the outcome, SIB, 
and other previously reported risk factors were from clinical and educational records. We 
used within-site multiple imputation and a non-linear mixed model with site as a random 
effect to test these potential associations. SIB was positively associated with maternal 
smoking during pregnancy and mother’s lack of a college degree at time of delivery. 
Marital status, obstetric complications and interventions, plurality, and low Apgar scores 
increased the risk, but not significantly. Neither child sex, IQ, nor maternal education 
significantly modified effects. Maternal smoking may be causal, or a marker for 
unmeasured risk factors. Lack of college degree may be associated with other unhealthy 
behaviors, or a proxy for limited access to services. An examination of situational factors 




Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by persistent qualitative impairments in social communication; and the 
presence of restricted and repetitive patterns of behaviors, interests or activities (APA, 
2013). In general, these anomalies are reported before the age of 3 years. In addition to 
the above core deficits, associated comorbid conditions, including self-injurious 
behaviors (SIB) are frequently reported in those with ASD (Baghdadli et al. 2003; 
Duerden et al. 2012; Minshawi et al. 2014a; Weiss et al. 2002).  
SIB include various behaviors, often highly repetitive and rhythmic, that result in 
physical harm to the individual displaying the behavior. Moreover, such behaviors occur 
without an apparent intent of willful self-harm (Fee & Matson, 1992). The occurrence of 
SIB has been documented in toddlers as early as 6 months of age (Berkson & Tupa, 
2000; Kurtz et al. 2012). Head banging, head rubbing, nail picking, eye poking, hair 
pulling, and self-biting are the most commonly reported types of SIB (MacLean & 
Symons, 2002; Minshawi et al. 2014a; Weiss, 2002). There is no single causal factor in 
the etiology of SIB and most developmental theories agree that SIB are likely to result 
from complex interactions between various biological and environmental factors (Devine, 
2014; Guess & Carr, 1991; Kurtz et al. 2012; Minshawi et al. 2014b). 
Researchers have suggested that behavioral intensive interventions provided 
during early childhood may lead to better outcomes for challenging behaviors  
(Eikeseth, 2009; Murphy et al. 2005; Richman, 2002). Without intervention, the natural 
history of SIB is characterized by a tendency for these behaviors to become chronic and 
difficult to manage, leading to individual, familial, and societal consequences (Adler et 
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al. 2014; Mandell, 2008). Diverse types of injuries, including lacerations, contusions, 
concussions, fractures have been reported. These injuries may result in hospitalization, or 
even death (Devine, 2014; Ianuzzi et al. 2014; Mandell, 2008; Minshawi et al. 2014b; 
Richman et al. 2013). Those with SIB are also more likely to be excluded from 
educational and vocational activities (Baghdadli et al. 2003; Devine, 2014; Hutchins & 
Prelock, 2014; Mandell et al. 2008; Minshawi et al. 2014b). The well-being of families of 
children with SIB is compromised. Such families may experience increased stress, 
recurrent visits to emergency room, and high health care expenditures (Bitshika & 
Sharpley, 2004; LeCavalier et al. 2006). The societal costs of providing services to those 
with SIB are exorbitant. The 1989 NIH Consensus Statement estimated the annual costs 
of services for a self-injurious child at more than $100,000 (Devine, 2014).  
Prevention of SIB is very important, but requires first identifying risk factors for 
SIB in ASD. However, a detailed knowledge of risk factors for SIB in ASD is limited, as 
large, population-based epidemiological studies are lacking. The majority of studies that 
have reported on risk factors for SIB in ASD have used small clinical samples, which are 
influenced by selection bias, lack sufficient power, and limited external validity. Further, 
most studies were cross-sectional and included risk factors that were assessed after birth 
(see Minshawi et al. 2014a; Weiss, 2002 for review), the reporting of which may 
therefore have been influenced by the presence of SIB. The examination of risk factors 
that are collected before the occurrence of SIB (e.g. from birth certificate) would provide 
valuable information on the temporal relationship and might inform the etiology of SIB. 
However, this is an area that is not highly studied in ASD. One study to date, Baghdadli 
et al. (2003) used a small clinic-based sample of children with ASD and reported the 
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association between SIB and “perinatal conditions,” identified from medical records. 
Unfortunately, details on the perinatal conditions examined were not provided.  
The paucity of studies examining potential associations between SIB and prenatal, 
perinatal and neonatal risk factors is in contrast to the high number of studies published 
on the association between ASD and such factors. Significant associations have been 
documented between ASD and diverse prenatal factors including parental age, maternal 
smoking and medical conditions during pregnancy, maternal complications, perinatal 
interventions, and neonatal factors (Angelidou et al. 2012; Bilder et al. 2009; Dodds et al. 
2011; Guinchat et al. 2012; Kalkbrenner et al. 2012; Kolevzon et al. 2007; Krakowiak et 
al. 2012; Larson et al. 2005; Maramara et al. 2014; Pinto-Martin et al. 2011; Polo-
Kantola et al. 2014; Schieve et al. 2014; Walker et al. 2014; Zhang et al. 2010). 
The purpose of this study is to fill the current gaps by exploring the independent 
associations between SIB and prenatal, perinatal, and neonatal risk factors from birth 
certificates in a large sample of children with ASD, after accounting for the effect of 
previously reported risk factors for SIB in ASD. This study will also assess whether any 
identified associations are modified by child’s sex, IQ, and maternal education. 
6.3 Methods 
6.3.1 Participants 
This study included 8-year-old children from the ADDM Network who met the 
surveillance definition for ASD during the 2002, 2006, and 2008 study years and had 
available birth certificate data. Sites that did not provide birth certificate information to 
the CDC during any of the study years were excluded. The ADDM Network is a record-
based surveillance system for ASD and other developmental disabilities started by the 
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CDC in 2000. Its methodology has been extensively described by others (Rice et al. 
2007; Sell et al. 2012, Wiggins et al. 2012). This surveillance system is based on a review 
of the child’s records. Briefly, a sample of clinical and educational records of 8-year-old 
children, living in the catchments areas are screened for triggers words, or the presence of 
a previous diagnosis of ASD. Records that satisfy the above criteria for abstraction are 
abstracted thereafter by experienced abstractors. Clinicians with expertise in diagnosing 
ASD review the composite records for each child to decide whether the child meets the 
surveillance definition for ASD based on the DSM-IV-TR criteria. Census data and birth 
certificate information, if available, are also included. Birth certificate data are obtained 
through linkage to state vital records and are only available for biological children born in 
sites that were included in the ADDM Network during the specific study year. 
6.3.2 Study Design 
This is a cross-sectional study using data from a multi-site, population-based 
surveillance system of children with ASD. This study was determined by the Colorado 
Multiple Institutional Review Board to be exempt from human subjects research review. 
6.3.3 Measures 
Data on prenatal, perinatal and neonatal risk factors were obtained from the 1989 
US standard certificate of live birth records (short form), as children included in this 
study were born before most states started using the long form. The birth certificate 
collects information grouped into eight sections: sociodemographic, pregnancy history, 
risk factors during pregnancy, obstetric procedures, method of delivery, complications 
during labor or delivery, abnormal conditions of the newborn, and congenital anomalies. 
Two sites in 2000, one site in 2006, and two sites in 2008 did not report birth certificate 
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data and were excluded from these analyses. Sites that were excluded did not differ from 
those included on the prevalence of SIB, though other sociodemographic and clinical 
variables differed. (see Table 6.1).  
Table 6.1 Characteristics of children with autism spectrum disorders from ADDM sites 
included and excluded in the birth certificate analyses. 
 
Variable Participants from 
sites included 
Participants from 
sites not included 
P-value 
Sample size 4343 871  
Study year 2000, 2006, 2008 2000, 2006, 2008  
Outcome (SIB) 
  Yes 
  No 












  Female 
  Male 













  Non-Hispanic White 
  Non-Hispanic Black 
  Hispanic 
  Others 



















Previous diagnosis  
  Yes 
  No 











Census tract median income 
  Quartile 1 (Lowest) 
  Quartile2 
  Quartile3 
 Quartile4 (Highest) 




















  Delayed (IQ <=70) 
  Not Delayed (>70) 













Adaptive Behaviors skills 
  Delayed (IQ <=70) 
  Not Delayed (>70) 
  Missing 
 
1587 (36.54) 











  Yes 
  No 















Variable Participants from 
sites included 
Participants from 
sites not included 
P-value 
Aggression 
  Yes 
  No 












Conduct  problems 
  Yes  
  No 













  Yes 
  No 













  Yes 
  No 














  Yes 
  No 












Non ASD conditions 
  Developmental 
  Genetics 
  Neurologic 
  Psychiatric 



















Mother level of education 
  No College degree 
  College degree or higher 













Father level of education 
  No College degree 
  College degree or higher 













Maternal marital status 
  Married 
  Single and others 
  Missing 
 











Maternal smoking status  
  Smoker 
  Non-smoker 













Maternal weight gain during 
Pregnancy (Pounds) 
  Mean (SD) 
  Median 



















Variable Participants from 
sites included 
Participants from 
sites not included 
P-value 
Maternal age (Years) 
  Mean (SD) 
  Median 













Paternal age (Years) 
  Mean (SD) 
  Median 













Number of fetuses during 
pregnancy  
  Singleton 
  Multiple 
















Maternal procedures during 
pregnancy 
  Fetal monitoring 
  Ultrasound 
  Others 
  None 






















Maternal complications during 
pregnancy 
  Yes 
  No 
  Missing 
      
 













Method of delivery 
  Vaginal 
  Others 
  Missing 












Child birth weight (Grams) 
  Mean (SD) 
 Median 
  Missing 












Child gestational age in weeks 
  Mean (SD) 
  Median 













Child Apgar scores at the 5th 
minute 
  Mean (SD) 
  Median 


















The outcome, SIB, was categorized as yes or no based on the presence in the 
child’s records of any behaviors characterized as SIB by the reviewer. Other previously 
reported risk factors, including individual and community SES characteristics, 
developmental, somatic conditions, other maladaptive behaviors, and the presence of 
other comorbid diagnoses were assessed as potentially risk factors (Table 6.2). The 
outcome (SIB) and these other risk factors were abstracted from available clinical or 
educational records using standard ADDM methodology. Plots of continuous variables 
examined in this study versus SIB showed continuous distributions (see Appendix). 
Therefore, these variables were included as continuous predictors in these analyses. 
Table 6.2 Description of risk factors for self-injurious behaviors examined in ADDM 
sites that reported birth certificate data during the 2000, 2006 and 2008 study 
years. 
 


















Maternal age Sociodemographic Continuous Birth certificate N/A 
Paternal age  Sociodemographic Continuous Birth certificate N/A 
Maternal 
education 
Sociodemographic Categorical Birth certificate College degree or 
higher (reference); No 
College degree 
Median income 
in the census 
tract 
Sociodemographic Categorical Census data Highest income quartile 
(reference); the second 
highest income quartile; 
medium income 






Sociodemographic Categorical Clinical / 
educational records 
No (reference); Yes  
Developmental 
regression 
Developmental Categorical Clinical / 
educational records 
No (reference); Yes 
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IQ categories Developmental Categorical Clinical / 
educational records 
Delayed [IQ<70] 





Developmental Categorical Clinical / 
educational records 
Delayed [IQ<70] 




Somatic Categorical Clinical / 
educational records 
No (reference); Yes 
Sleep problems Somatic Categorical Clinical / 
educational records 







Categorical Clinical / 
educational records 






Categorical Clinical / 
educational records 







Categorical Clinical / 
educational records 








Categorical Clinical / 
educational records 
No (reference); Yes 
Aggressive 
behaviors 
Behavioral Categorical Clinical / 
educational records 
No (reference); Yes 
Temper 
tantrums 
Behavioral Categorical Clinical / 
educational records 
No (reference); Yes 
Argumentative 
behaviors 
Behavioral Categorical Clinical / 
educational records 
No (reference); Yes 





SES Categorical Birth certificate No (reference); Yes 
Type of 
pregnancy 









Obstetric Categorical Birth certificate None (reference); 
Major, Minor, Others 
Interventions 
during 













Obstetric Continuous Birth certificate N/A 
Mode of 
delivery 
Obstetric Categorical Birth certificate Not vaginal (reference), 
vaginal 
Gestational age  Neonatal Continuous Birth certificate N/A 
Child’s birth 
weight 
Neonatal Continuous Birth certificate N/A 
Child’s APGAR 
scores 
Neonatal Continuous Birth certificate N/A 
 
6.3.4 Data Analysis 
6.3.4.1 Missing Data and Multicollinearity 
Prior to the analyses, we explored missing data and potential multicollinearity. A 
number of risk factors, such as maternal marital status, maternal complications during 
pregnancy, obstetric complications, IQ, and adaptive behavior skills were missing in 
more than 10% of participants. We used multiple imputation to avoid loss of power or 
potential biases (Janssen et al. 2010; Langkamp et al. 2010; Rubin, 1987). We imputed 
missing data using the Fully Conditional Specification technique [FCS], as both 
categorical and continuous variables were imputed and because the pattern of 
missingness was arbitrary (Lee & Carlin, 2010; Van Buuren, 2007). We imputed 10 
datasets using imputation models that included all the explanatory variables and the 
outcome (Donders et al. 2006; Moons et al. 2006). Ten datasets were imputed within 
each site to account for between-site variability and these datasets were combined 
thereafter. We also estimated the Variance Inflation Factor (VIF) and the tolerance for 
each variable to assess possible multicollinearity. None of the variables had a VIF>10 or 
a tolerance <0.10. Therefore, we included all the variables as potential risk factors. 
118 
 
6.3.4.3 Analytical strategy 
In multiple imputation analyses, we applied a two-step approach. First, the 
association between SIB and risk factors in each imputed dataset was assessed using a 
non-linear mixed model, with site included as a random effect to account for between-site 
variability. Next, the results from the imputed datasets were combined using Rubin’s 
formula (Rubin, 1987) to obtain the final parameters estimates and standard errors. Sex, 
IQ, and maternal education, were retained in the final model independent of their level of 
significance, as they were part of the analyses for interactions. The same analytical 
approach was used to test effect modification by sex, IQ, and maternal education. The 
models tested included SIB, significant predictors detected in the previous step and their 
interactions with sex, IQ, and maternal education. In all these analyses, we used PROC 
GLIMMIX (SAS version 9.3, Cary, NC) and the alpha level of 0.05 to assess 
significance. We also compared results from multiple imputation analyses to those of 
complete case analyses. 
6.4 Results 
 A total of 4,343 participants from 14 sites in the ADDM Network were included 
in these analyses. The distributions of participant characteristics in sites that were 
included, as well as those that were excluded, are presented in Table 6.1. 
6.4.1 Risk Factors for Self-Injurious Behaviors 
In multiple imputation analyses, among the prenatal, perinatal and neonatal 
factors examined, SIB was significantly associated with maternal smoking during 
pregnancy (adjusted OR=1.31; 95% CI: 1.06, 1.62, Table 6.3) and having a mother who 
lacked a college degree at the time of delivery (aOR=1.31; 1.06, 1.62, Table 6.3). 
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Mother’s marital status, maternal weight gain, obstetric complications and interventions, 
and multiple births were all associated with increased odds of SIB, although none of 
these associations was statistically significant (Table 6.3). Similarly, younger parental 
age, vaginal mode of delivery, and low APGAR scores were all non-significantly 
associated with increased odds of SIB (Table 6.3). Most variables previously reported to 
be associated with SIB in the literature, except for adaptive behavior skills, neurologic 
and developmental conditions, and census tract median income, were also found to be 
significantly associated with SIB (Table 6.3).  
In general, results from complete case analyses agreed with those of multiple 
imputation, except in a few instances. For example, no associations were found with IQ, 
previous diagnosis of ASD, argumentative behaviors, and developmental regression in 
complete case analyses (see Appendix). 
Table 6.3 Association between Self-injurious Behaviors and prenatal, perinatal, neonatal 
                and other risk factors in participants from ADDM sites that reported birth  
                certificate information during the 2000, 2006 and 20008 study years* 
 
Variable  Beta and SE  OR and 95% CI P-value 
    Maternal age** 0.005 (0.01) 1.01 (0.98, 1.03) 0.60 
    Paternal age ** 0.007 (0.01) 1.01 (0.99, 1.03) 0.40 
Maternal education 
    No college degree 










Mother’s marital status 
    Not married 










Maternal smoking during pregnancy 
    Yes 










Type of pregnancy 
    Multiple 










Type of delivery 
    Vaginal 










Complications during pregnancy 









Variable  Beta and SE  OR and 95% CI P-value 
    Minor 
    Others 




1.22 (0.93, 1.59) 





Interventions during pregnancy 
    Fetal monitoring 
    Ultrasound 
    Others 







1.67 (0.99, 2.80) 
1.30 (0.81, 2.11) 







Gestational age 0.004 (0.02) 1.00 (0.96, 1.06) 0.85 
Birth weight** 0.0001 (0.0001) 1.00 (0.99, 1.01) 0.34 
Apgar scores** 0.04 (0.04) 1.04 (0.94, 1.15) 0.39 
Maternal weight gain during 
pregnancy 
0.001 (0.003) 1.00 (0.99, 1.007) 0.64 
Child gender  
    Female 











    African American 
    Hispanic 
    Others 







0.88 (0.67, 1.15) 
1.08 (0.78, 1.48) 







Census tract median income  
    Quartile1 (lowest) 
    Quartile2 
    Quartile3 







1.02 (0.76, 1.38) 
0.90 (0.69, 1.17) 







Previous Dx of ASD in the records 
    Yes 










Developmental regression  
   Yes 










Adaptive behaviors skills 
    Delayed 











   Delayed 











   Yes 











   Yes 










Temper tantrums  
   Yes 










Sensory problems  









Variable  Beta and SE  OR and 95% CI P-value 
   No 0 1.00 1.00 
Sleep problems 
   Yes 











   Yes 










Psychiatric conditions  
   Yes 











   Yes 











    Yes 










 * Estimates are adjusted for all the other variables in the model. 
 **Reporting the odds of decreasing values 
 
6.4.2 Effect Modification 
None of the observed associations were significantly modified by child sex, IQ, or 
maternal education. 
6.5 Discussion 
This study explored associations between SIB and prenatal, perinatal and neonatal 
risk factors identified from birth certificates in children with ASD, after including other 
known risk factors, and assessed whether any identified relationships were modified by 
child sex and IQ, or maternal education. Only a few prenatal risk factors were 
significantly associated with SIB when adjusted for other factors: maternal smoking 
during pregnancy and lower maternal education level at the time of delivery. Most other 
risk factors for SIB reported in past studies were also associated with SIB in our study. 
The association between maternal smoking during pregnancy and SIB in ASD is 
an important finding in this study. It has not been reported before and needs confirmation 
in future studies. However, maternal smoking during pregnancy has also been linked to 
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other behavioral disturbances in children. For instance, in a longitudinal study that 
followed children up to the age of 14 years, Tearne et al. (2014) reported an association 
between maternal smoking during pregnancy and increased total scores on the Child 
Behavior Check List [CBCL] (Achenbach & Rescorla, 2000). Further, maternal smoking 
during pregnancy has also been linked to increased odds of other maladaptive behaviors, 
such as hyperactivity, attention problems (Han et al. 2015; Langley et al. 2012; Linnet et 
al. 2003), deficits in executive function (Daseking et al. 2015), low IQ scores (Mortensen, 
Michaelsen, Sanders, & Reinisch, 2005), and the severity of tics in those with Tourette’s 
Syndrome (Matthews et al. 2006).  
There are different ways maternal smoking may increase the odds of SIB in ASD. 
Direct effects are possible, since specific chemicals found in cigarettes may alter 
neurological pathways during brain development that will result in subsequent occurrence 
of SIB. The adverse effects of smoking on brain development have been confirmed in 
animal and human studies. For example, in a review, Ross et al. (2015) reported that 
nicotine and its metabolite, cotinine, are able to bind to the nicotinic acetylcholine 
receptor (nAChR) and disrupt the cholinergic system, a key modulator of brain 
development. This will result in alterations in synaptogenesis, neuronal migration, 
neurotransmitter release, and other molecular and functional disturbances. In addition to 
nicotine, the fetus is also exposed to more than 4000 compounds through maternal 
smoking (Behnke & Smith, 2013). These other substances may act synergistically with 
nicotine and affect brain development and thereby increase the risk of SIB (Ross et al. 
2015). Indirect associations are also possible, as smoking during pregnancy may be a 
marker for other risk factors, such as substance abuse, low SES and coping skills, or 
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limited access to services. Mothers who smoke are also more likely to engage in other 
unhealthy behaviors, or have high stress levels and low coping skills (Ebrahim & 
Gfroerer, 2003; Mathews, 2011; Maxson, Edwards, Ingram, Miranda, 2012; Weaver, 
Campbell, Mermelstein, Waksclag, 2008; Yu et al. 2002). In line with the social 
interaction theory (Devine, 2014), limited coping skills in the mother may have 
implications in the quality of maternal-child interactions and contributes to both the 
occurrence and maintenance of SIB. 
We also found that children whose mothers did not receive a college degree had 
an increased odds of SIB. Maternal education can influence the occurrence of SIB in 
different possible ways, such as reduced access to services, engagement in unhealthy 
behaviors, poor health literacy, and poor quality of interactions with the child. The 
association between smoking and low maternal educational attainment has been reported 
in the past (Mathews, 2011). Similar to our findings, Tearne et al. (2014) also reported 
an association between low maternal education and high CBCL total scores. 
The absence of a significant association between SIB and most of the pre- and all 
peri- and neonatal risk factors tested may be due to the mediating effects of other risk 
factors, such as IQ, adaptive behaviors, other challenging behaviors, and SES risk factors. 
This may explain these null associations. It is also possible that we did not have sufficient 
power in this study in light of the number of risk factors examined. Nevertheless, it is 
notable that a number of risk factors (e.g. marital status, complications and interventions 
during labor and delivery, and low APGAR scores) were associated with increased odds 
of SIB, though non-significant. Further explorations in different samples are needed. 
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This study also confirmed the association between SIB and previously identified 
risk factors from studies that used small clinical samples, thus validating these findings. 
However, four variables (census tract income, adaptive behavior skills, developmental 
and neurologic conditions) were not significant in our analyses. Census tract median 
income may not be a useful proxy for SES when individual factors, such as maternal 
education and parental age are available. Confounding by other factors may explain the 
lack of associations with adaptive behavior skills, developmental and neurologic 
conditions. The lack of modification of effects by child sex, IQ and maternal education 
may be due to insufficient power, as high numbers of interactions were tested. 
Unlike our study, Baghdadli et al. (2003) found a significant association between 
SIB and perinatal conditions. However, they did not specify which conditions were 
associated with SIB. Methodological differences between the two studies, such as the 
way variables were defined and analyzed or the effect of confounding factors may 
explain these differences. Further, Matthews et al. (2006) found no association between 
maternal smoking and SIB in those with Tourette’s syndrome. Differences between the 
two conditions may explain these conflicting findings.  
To our knowledge, this is the first study that has explored the effects of a high 
number of risk factors from birth certificates in a population-based sample of children 
with ASD. Thus, this study offered the possibility of establishing a temporal relationship 
between the identified prenatal risk factors and SIB. In addition, the possibility of recall 
bias was reduced and reverse causation was less likely to be an issue, as birth certificate 
data were collected before the occurrence of SIB. The use of multiple imputation to 
account for missing data led to increased power to find differences, since several 
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predictors were significantly associated with SIB in multiple imputation analyses, but not 
in complete case analyses. Lastly, this study has validated findings from small clinical 
samples in a multi-site, population-based sample. Despite these strengths, this study has 
some limitations. Selection bias may be an issue in these analyses, as the ADDM may 
have oversampled children with more access to services and should also not be 
considered a nationally-representative sample of children with ASD. Further, though 
there was no significant differences in prevalence of SIB, sites that did not provide birth 
certificates data were different from those included in these analyses on a number of 
factors that may be related to SIB. Thus, it is possible that some our findings may be 
spurious associations due to selection bias. Further, caution is required when generalizing 
these findings beyond the sites that were included in this study. Though we only included 
sites that reported birth certificate data, the proportion of missing data was still high for 
several predictors in this study. This is due to the fact that birth certificate data were not 
available for children born outside of the study area who subsequently resided there and 
were therefore included in the surveillance system. The high proportion of missing data 
explained the differences found between complete case analyses and multiple imputation, 
as more than 50% of participants were excluded in complete case analyses. Birth 
certificate are not primarily collected for research purposes and may be influenced by 
information bias for some of the risk factors, such as maternal smoking during pregnancy 
that could have resulted in misclassification. However, because the data were collected 
before the outcome, it is likely that the misclassification of maternal smoking was non-
differential in regard to SIB. In general, this resulted in weakening the association 
reported here. The effects of most risk factors were small and all these predictors 
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explained only 30% of the variance of SIB. It is possible that we did not include other 
important risk factors, such as type and duration of interventions received by these 
participants and those related to the quality of the child’s physical and social 
environments. Survival bias is unlikely to have biased these findings, as there is no 
documented excess mortality in children with ASD before the age of 8 years. 
Despite these limitations, this study has revealed significant associations between 
maternal smoking during pregnancy, lower maternal education and the increased risk of 
SIB in ASD. In addition, it also showed that maternal complications and interventions 
during pregnancy, and low Apgar scores also increased the risk of SIB but not 
significantly. Though these results need confirmation in future studies, these findings 
have important public health ramifications, as some of these risk factors (maternal 
smoking, maternal complications, and APGAR scores) are known to be associated with 
deleterious neurological outcomes. Therefore, results from this study reinforce the 
necessity to continue current public health policies toward reducing maternal smoking 
during pregnancy and perinatal complications. This study has also confirmed the 
associations between SIB and previous risk factors reported in small clinical studies. 
Thus, this large study has provided an opportunity for validation of findings from small 
clinical studies. Clinicians should use this information to comprehensively assess 
children with SIB in order to exclude treatable causes of SIB. Researchers should use this 
information to inform future longitudinal studies. These future studies should consider 
using much younger samples of children with ASD, more objective methods of data 




LONGITUDINAL CHANGES IN THE PRESENCE AND SEVERITY OF SELF-
INJURIOUS BEHAVIORS IN CHILDREN WITH AUTISM SPECTRUM 
DISORDERS 
7.1 Abstract 
  Although self-injurious behaviors (SIB) are common in autism spectrum disorders 
(ASD), their natural history and etiology are not well-characterized. This study explored 
longitudinal changes in parent-reported presence and severity of SIB between baseline 
and second visits, and examined baseline predictors of changes in children from the 
Autism Treatment Network. Children whose SIB resolved were compared to those whose 
SIB persisted, and children with new SIB to those who never developed SIB. Children 
whose severity improved were compared to those whose SIB remained severe and those 
whose severity worsened to those with mild SIB. The majority of participants did not 
show major changes. SIB was reported in 34.0% of participants at baseline and 28.0% at 
follow-up. Resolution of SIB was associated with higher adaptive scores and persistence 
was associated with developmental regression and “other health insurance.” Newly 
occurring SIB was associated with aggression, low adaptive scores, and low maternal 
education. Among those with SIB, 44.0 % had mild and 56.0% moderate-to-severe SIB at 
baseline, while 52.4% had mild and 47.6% had moderate-severe SIB at follow-up. Low 
adaptive scores, “other health insurance,” and low maternal education predicted 
deterioration. Targeting these baseline characteristics for intervention may improve 




Autism spectrum disorders (ASD) are neurodevelopmental disorders 
characterized by persistent qualitative impairments in social communication; and the 
presence of restricted and repetitive patterns of behaviors, interests or activities (APA, 
2013). In general, these anomalies are reported before the age of 3 years. In addition to 
the core deficits symptoms, various associated conditions, including self-injurious 
behaviors [SIB]) have been frequently reported (Bagdhadli et al 2003; Duerden et al. 
2012; Minshawi et al. 2014a; Weiss et al. 2002).  
Self-injurious behaviors include various behaviors, often highly repetitive and 
rhythmic, that may result in physical harm to the individual displaying the behavior. 
Moreover, such behaviors occur without an apparent intent of willful self-harm (Fee & 
Matson, 1992). In general, head banging, head rubbing, nail picking, eye poking, hair 
pulling, self-biting, and self-scratching are the most reported types of SIB (Minshawi et 
al. 2014b; Weiss, 2002). The etiology of SIB is not well understood and most 
developmental theorists agree that SIB are more likely to result from interactions between 
biological and environmental factors. It is important to note that in typically-developing 
children, some types of mild, low-frequency stereotypies and SIB (e.g., seated body-
rocking, head hitting) may emerge around 8 months, decline over time and completely 
disappear about 36 months (Baghdadli et al. 2003; Berkson & Tupa, 2000; Kurtz et al. 
2012). However, in children with developmental disabilities, these behaviors tend to 
intensify and persist, resulting in adverse individual, familial, and societal consequences 
(Adler et al. 2014; Devine, 2014; Ianuzzi et al. 2014; Mandell, 2008).  
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It is crucial to understand the natural history of SIB in children with ASD, so its 
progression can be charted, targeted interventions developed, and their long-term effects 
can be evaluated. Most studies on this topic have used small clinical samples, which have 
low power and may not represent the full spectrum of SIB in ASD. The few available 
longitudinal studies on the presence of SIB have reported conflicting findings, with some 
reporting resolution (Baghdadli et al. 2008; Murphy et al. 2005; Shattuck et al. 2007; 
Taylor & Seltzer 2010; Woodman et al. 2015), and others reporting persistence over time 
(Ballaban-Gil et al. 1996; Billstedt et al. 2005; Chowdhury et al. 2010; Wolff et al. 2014). 
Methodological differences between studies, including age of participants, duration of 
follow-up, type of study design, and the effects of interventions received may explain 
these conflicting findings.  
Longitudinal changes in the severity of SIB in ASD have not been studied. In a 
population-based study in those with ID followed for 14 years, Einfeld et al. (2006) 
reported a slow decline in the severity of maladaptive behaviors, including SIB. 
Similarly, Esbensen et al. (2009) reported a decrease in the severity of SIB in older ages 
compared to the younger ones in a cross-sectional study. 
Only a few studies have assessed baseline characteristics that influence 
longitudinal changes in SIB, which might enable identification of groups at risk in order 
to provide targeted interventions. Factors previously associated with persistence of SIB 
include the presence of ID, lower family income, younger age at baseline, having chronic 
SIB, and head-targeted SIB (Taylor & Seltzer, 2010), while higher quality of mother-
child interactions and maternal praise predicted resolution of maladaptive behaviors, 
including SIB (Woodman et al. 2015).  
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In order to address these gaps in the current scientific literature, this study 
assessed longitudinal changes in the presence and severity of SIB and explored the 
effects of various baseline characteristics on any observed changes in a large sample of 
children with ASD from the ATN registry who were followed over time. 
7.3 Methods 
7.3.1 Participants 
This study included children aged 2-17 years with a diagnosis of ASD who were 
enrolled in the ATN registry from 2008-2012 with data on SIB during the baseline and 
the second visit. The ATN is a network of 17 academic health centers in the US and 
Canada that was initiated by Autism Speaks in 2005 with the primary goal of improving 
clinical care for children with ASD. Details of the ATN methodology have been 
published elsewhere (Coury et al. 2009; Kanne et al. 2014; Kuhlthau et al. 2010; Perrin et 
al. 2012; Sikora et al. 2012; Zuckerman et al. 2014). In summary, families of children 
diagnosed with ASD at one of the ATN centers within the preceding 12 months and 
planning to receive care at any of these centers are invited to participate in the registry. 
The diagnosis of ASD was based on DSM-IV-TR criteria and confirmed by the Autism 
and Diagnostic Observation Schedule-Generic [ADOS-G] (Lord et al. 2000a). In 
addition, children could not be in foster care and parents must be fluent in both written 
and spoken English. In general, across sites, about 50% of eligible families agreed to take 
part into the registry. After the initial visit, families were contacted by mail on a yearly 
basis to complete different forms that assessed the current health status of the child. In 
addition, during this yearly contact, families were also offered the possibility of a clinic 
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visit for evaluation of the child. In general, retention of enrolled families between the 
baseline and the first follow-up visit varied between 30-50% across the different sites. 
7.3.2 Study Design 
We performed a prospective cohort study that assessed changes in the presence 
and severity of parent-reported SIB between the baseline visit (visit 1) and the second 
visit (visit 2). These analyses included all participants with information on SIB during 
these two visits. The mean time between the two visits was 1.04 years. This study was 
determined by the Colorado Multiple Institutional Review Board to be exempt from 
human subjects research review. 
7.3.3 Measures 
Two outcomes were examined: parent-reported current presence of SIB and 
parent-reported current severity of SIB. The presence of SIB (Yes/No) was collected in 
the Parent Concerns Questionnaire [PCQ] (McGrew et al. 2007) at each visit. Parents 
were asked “what concerns you about your child” on a number of conditions, including 
SIB. The current severity of SIB was reported by the parent as “the behavior is a 
problem, but slight in degree” (termed mild in our analyses), “the problem is moderately 
serious” (moderate), and “the problem is severe in degree” (severe). The measure used to 
assess severity of SIB was slightly different before and after mid-2011.  Before mid-
2011, severity of ASD was assessed using a form adapted from the Aberrant Behavior 
Checklist [ABC] (Aman & Singh, 1986) asking “Please rate your child’s behavior for the 
last 4 weeks” about a range of behaviors, including SIB. Since then, the ABC itself was 
used to assess severity. This instrument has three questions that use the same formulation 
(i.e., “Please rate…”) to ask about the following behaviors, respectively: “injures self on 
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purpose,” “deliberately hurts himself/herself” and “does physical violence to self.” 
Because of the correlation among the responses to these three questions, we selected to 
use the question with the lowest proportion of missing data, “injures self on purpose,” for 
our measure of severity in these analyses after mid-2011.  
Baseline characteristics, including demographic (e.g., child’s age, sex, maternal 
education), developmental (IQ, adaptive behaviors skills, developmental regression), 
behavioral (e.g., hyperactivity, temper tantrums, anxiety), somatic (GI and sleep 
problems, sensory abnormalities), and autism severity were examined as potential 
predictors of subsequent changes in SIB presence and severity. They were collected from 
various instruments, such as questionnaires, parent interviews, and standardized clinical 
assessments. The complete list of potential predictors examined is shown in Table 7.1. 
Sleep and GI problems, and parental age were not collected during some study years and 
were included only in sub-analyses (a and b).  
7.3.4 Data Analysis 
7.3.4.1 Variable Definition and Categorization 
Based on the distribution of parent’s responses on the presence of SIB during both 
visits, participants were categorized into: SIB present at both visits (persistence), SIB 
absent at both visits (never), SIB present at baseline but not at follow-up (resolution), and 
SIB absent at baseline but present at follow-up (new occurrence).  
For severity of SIB, we first collapsed the moderate and severe groups into one 
category (moderate-severe) because of small numbers in both groups. Next, we defined 
four categories of severity: mild at both visits, moderate-severe at both visits, moderate-
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severe at baseline and mild at follow-up (improvement), and mild at baseline and 
moderate-severe at follow-up (deterioration).  
7.3.4.2 Analytical Strategy 
We imputed the full dataset using the Fully Conditional Specification (FCS) 
technique because of missing data in a number continuous and categorical variables (Lee 
and Carlin, 2010; Van Buuren, 2007). McNemar’s test was used to evaluate differences 
in presence and severity of SIB between the two visits at the significance level of 0.05.  
Logistic regression was employed to assess the effects of baseline demographic, 
developmental, behavioral, and somatic characteristics on potential changes in the 
presence and severity of SIB. Two models were used to examine changes in the presence 
of SIB. In the first model, predictors were compared between those whose SIB had 
resolved at visit 2 and those whose SIB had persisted. In the second model, subjects with 
newly occurring SIB were compared to those without SIB at both visits. To examine 
predictors of changes in the severity of SIB, we also tested two models. The first model 
compared subjects whose SIB improved to children whose SIB remained moderate-
severe at both visits. In the second model, subjects whose SIB deteriorated were 
compared to those whose SIB remained mild at both visits. 
7.4 Results 
7.4.1 Changes in the Presence of Self-Injurious Behaviors 
While 5,012 participants included at baseline, only 1,671 (i.e. 33% of the initial 
sample) had information on visit 2. Therefore, 1,603 participants had data on the presence 
of SIB at both visits. We excluded those who did not have data on SIB during either visit. 
Comparison of participants included and excluded is presented in Table 7.2 and results of 
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the McNemar’s test are in Table 7.3 and Figure 7.1. Most participants did not show 
significant changes in parent-reported SIB between the two visits. SIB was reported in 
543 participants (34.0%) at visit 1 and 445 participants (28.0%) at visit 2. Among these 
participants, 366 (23%) reported changes (i.e., resolution or new occurrence) in the 
presence of SIB between the two visits. Resolution was more common at visit 2 than was 
new occurrence (14.7% vs. 8.5%, p<0.0001). 
7.4.2 Changes in the Severity of Self-Injurious Behaviors 
They were 1,539 participants with data on severity of SIB at visit 1 and 452 with 
during the visit 2. Of those, 277 participants (18% of the initial sample) had severity data 
at both visits. Comparison of these participants to those excluded is presented in Table 
7.2 and results of the McNemar’s test are in Table 7.3 and Figure 7.2. Most participants 
did not show significant changes in parent-reported severity of SIB between the two 
visits. Among these 277 children with SIB, the majority (n=154, 55.6%) had moderate-
severe SIB at visit 1, while 132 (44.4%) had moderate-severe SIB at visit 2. The severity 
of SIB was unchanged between visits in the majority of children (69%). Among those 
with changes in the severity (n=86, 31% of the total), more parents reported improvement 
than deterioration (19.5% vs. 11.5%; p=0.02). 
7.4.3 Predictors of Longitudinal Changes in Self-Injurious Behaviors 
Results of these analyses are reported in Table 7.4. Resolution of SIB was less 
likely to be reported with lower baseline adaptive behavior scores, presence of 
developmental regression, and in children whose families did not have private health 
insurance. New occurrence of SIB since was associated with aggression, low maternal 
education and lower adaptive behavior skills scores. 
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7.4.4 Predictors of Longitudinal Changes in the Severity of Self-Injurious Behaviors 
Results of these analyses are found in Table 7.5. Low adaptive behaviors skills, 
having “other types of health insurance,” and low maternal education attainment 
predicted deterioration of the severity. However, deterioration was less likely to be 









Figure 7.1 Prevalence (%) of parent-reported presence of self-injurious behaviors during 
each visit in children with autism spectrum disorders with data during visit 1 








Figure 7.2 Distribution of parent-reported presence of self-injurious behaviors between 
the two visits in children with autism spectrum disorders with data during visit 
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  Table 7.1 Predictors of changes in the presence or severity of SIB examined in the Autism Treatment Network dataset. 




ATN dataset Categorization 
Child’s sex Sociodemographic Categorical Yes Yes Male (reference); Female 
Child’s race/ethnicity Sociodemographic Categorical Yes Yes Non-Hispanic White (reference); Non-
Hispanic African American; Hispanic, 
Other races 
Child’s age Sociodemographic Continuous No Yes N/A 
Maternal age* Sociodemographic Continuous No Yes N/A 
Paternal age * Sociodemographic Continuous No Yes N/A 
Maternal education Sociodemographic Categorical No Yes College degree or higher (reference); 
No College degree 
Type of health insurance Sociodemographic Categorical No Yes  Private insurance (reference); Public 
insurance; other insurance (e.g., 
military, self-pay) 
Developmental regression Developmental Categorical Yes  Yes No (reference); Yes 
IQ scores Developmental Continuous No Yes N/A 
Adaptive behaviors skills 
scores 
Developmental Continuous No Yes N/A 
Sensory abnormalities Somatic Categorical Yes Yes No (reference); Yes 
Sleep problems* Somatic Categorical Yes Yes No (reference); Yes 
GI problems* Somatic Categorical No Yes No (reference); Yes 
Autism severity Autism severity Continuous No Yes N/A 
Aggressive behaviors Behavioral Categorical Yes Yes No (reference); Yes 
Hyperactivity Behavioral Categorical Yes No  No (reference); Yes 
Anxiety Behavioral Categorical Yes No  No (reference); Yes 
Attention problems Behavioral Categorical Yes No  No (reference); Yes 
Mood problems Behavioral Categorical Yes No  No (reference); Yes 







    Table 7.2 Comparison of baseline characteristics between children with parent-reported presence and severity of 
        SIB during both visits and those with information only on one visit in the Autism Treatment Network. 
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   Table 7.3 Distribution of SIB at visit 1 and visit 2 and changes in parent-reported SIB in children with autism spectrum  
                   disorders in the Autism Treatment Network dataset 
 
Parent-reported presence of SIB during visit1 and visit2 
SIB at visit 1 SIB at visit 2 SIB at both visit McNemar test 
p-value 
Category N % Category N % Category N % 
Yes 543  33.9 Yes 445 27.8 Persistence 310 19.3 
<0.0001 
No 1060 66.1 No 1158 72.2 Never 925 57.7 
N/A      Resolution 233 14.5 
N/A - - N/A   New occurrence 135 8.5 
Total 1603 100  1603 100 Total 1603 100 
Parent-reported severity of SIB during visit 1 and visit2 
SIB at visit1 SIB at visit 2 SIB at both visits McNemar’s test 
p-value 
Category N % Category N % Category N % 
Mild 123   44.4 Mild 145 52.4 Mild bothtimes 91 32.9 
0.02 







     `` Improvement 54 19.5 
N/A - - N/A   Deterioration 32 11.5 








 Table 7.4 Baseline predictors of changes in parent-reported presence of SIB in participants with data during visit 1 and visit 2  
     in the Autism Treatment Network* 
Variable Resolution of parent-reported SIB compared to 
continuation of SIB at both visits 
New occurrence of parent-reported SIB compared to 
never any reported SIB 
Parameter 









  Female 
  Male 
0.03 (0.26)  
0 
 
1.03 (0.60, 1.75) 
1.00 
 








  No College degree 

















Age of the child (year) -0.04 (0.04) 0.96 (0.89, 1.03) 0.25 -0.02 (0.03) 0.98 (0.91, 1.05) 0.59 
Race of the child 
  NHAA 
  Hispanic 
  Others 






1.17 (0.43, 3.18) 
0.95 (0.42, 2.11) 











0.55 (0.18, 1.65) 
1.85 (0.96, 3.56) 






Health insurance  
  Public 
  Others 





0.58 (0.33, 1.05 









0.77 (0.42, 1.41) 







  Yes 




0.63 (0.41, 0.96) 
1.00 
 
0.03 -0.25 (0.24)  
0 
 




Adaptive behaviors scores** -0.02 (0.01) 0.98 (9.95, 0.99) 0.04 0.03 (0.01) 1.03 (1.01, 1.06) 0.02 
IQ scores** 0.006 (0.006) 1.006 (0.99, 1.02) 0.35 0.007 (0.007) 1.01 (0.99, 1.02) 0.31 
Severity -0.003 (0.06) 0.99 (0.88, 1.12) 0.43 -0.01 (0.06) 0.99 (0.88, 1.12) 0.87 
Maternal age** -0.007 (0.03) 0.99 (0.94, 1.05) 0.79 -0.001 (0.03) 0.99 (0.94, 1.06) 0.97 







Variable Resolution of parent-reported SIB compared to 
continuation of SIB at both visits 
New occurrence of parent-reported SIB compared to 
never any reported SIB 
Parameter 









  Yes 




0.67 (0.42, 1.05) 
1.00 
 
0.08 0.55 (0.21) 
1.00 
 





  Yes 




1.38 (0.73, 2.58 
1.00 
 
0.32 0.04 (0.25) 
0 
 




Mood problems  
  Yes 




0.93 (0.56, 1.54) 
1.00 
 
0.77 0.23 (0.22) 
0 
 





  Yes 

















  Yes  
  No 
0.02 (0.37)  
0 
 
1.02 (0.49, 2.14) 
1.00 
 
0.95 0.21 (0.34) 
0 
 




Sensory problems  
  Yes 




0.60 (0.33, 1.08) 
1.00 
 
0.08 0.25 (0.26) 
0 
 





  Yes 




0.63 (0.40, 1.01) 
1.00 
 
0.05 -0.10 (0.26) 
0 
 





  Yes 




1.32 (0.83, 2.09) 
1.00 
 
0.24 0.32 (0.26) 
0 
 




  * Estimates are adjusted for all the other variables in the model. 
  **Reporting the odds of decreasing scores 







  Table 7.5 Baseline predictors of changes in parent-reported severity of SIB in participants with data during visit 1 and visit 2  




Improvement in parent reported severity of SIB 
compared to 
Deterioration in parent-reported severity of SIB 
compared to 
Parameter 









  Female 
  Male 
0.25 (0.55)  
- 
 
1.29 (0.44, 3.76)- 
1.00 
 
0.64 -0.62 (0.78) 
- 
 





  No College degree 

















Age of the child (year) 0.10 (0.07) 1.10 (0.96, 1.27) 0.16 -0.21 (0.10) 0.81 (0.66, 1.00) 0.05 
Race of the child 
  NHAA 
  Hispanic 
  Others 






1.54 (0.25, 9.50) 
0.33 (0.07, 1.53) 



















Health insurance  
  Public 
  Others 





0.97 (0.34, 2.76) 









1.70 (0.36, 8.08) 







  Yes 




0.95 (0.43, 2.11) 
1.00 
 
0.90 0.81 (0.73)  
-  
 




Adaptive behavior skills** -0.02 (0.01) 0.98 (0.93, 1.02) 0.30 0.08 (0.03) 1.07 (1.01, 1.16) 0.03 
IQ scores** 0.01 (0.01) 1.01 (0.99, 1.04) 0.35 0.04 (0.02) 0.96 (0.93, 0.99) 0.03 
Severity -0.10 (0.13) 0.90 (0.70, 1.17) 0.44 -0.20 (0.14) 0.82 (0.62, 1.10) 0.18 
Aggression  
  Yes 


























Improvement in parent reported severity of SIB 
compared to 
Deterioration in parent-reported severity of SIB 
compared to 
Parameter 









  Yes 

















Mood problems  
  Yes 




0.65 (0.22, 1.93) 
1.00 
 
0.44 1.35 (0.72) 
- 
 





  Yes 

















  Yes  
  No 
-0.60 (0.96)  
- 
 
0.55 (0.08, 3.61) 
1.00 
 
0.53 -0.29 (0.96) 
- 
 




Sensory problems  
  Yes 




0.37 (0.10, 1.38) 
1.00 
 
0.14 -0.73 (0.74) 
- 
 





  Yes 




0.83 (0.31, 2.20) 
1.00 
 
0.71 0.31 (0.70) 
- 
 





  Yes 




0.91 (0.34, 2.44) 
1.00 
 
0.85 0.56 (0.72) 
- 
 




  * Estimates are adjusted for all the other variables in the model. 
  **Reporting the odds of decreasing scores 










































 Figure 7.3 Prevalence (%) of parent-reported severity of self-injurious behaviors during 
                  each visit in children with autism spectrum disorders with data during visit 1  
                  and visit 2 in the ATN dataset. 
 
 
Figure 7.4 Distribution of parent-reported severity of self-injurious behaviors between the 
two visits in children with autism spectrum disorders with data during visit 1 



























Mild both times Moderate severe both times Improvement Deterioration
McNemar p- value= 0.02




The purpose of this study was to assess changes between visit 1 and 2 in parent-
reported presence and severity of SIB and document baseline characteristics that may 
influence these changes. The majority of parents of children with ASD aged 2-17 years 
enrolled in ATN who reported SIB in their children at visit 1 continued to report these 
behaviors at visit 2. Similarly, most parents who did not report SIB at visit 1 reported the 
same thing at visit 2. Among children with changes in the presence of SIB between the 
two visits, it was more common for parent to report resolution of SIB than new 
occurrence. Resolution of SIB was less likely to occur in the presence of low adaptive 
behavior skills scores, developmental regression, and among children whose families did 
not have private health insurance. New occurrence of SIB was more likely to be reported 
in those with low adaptive scores, aggressive behaviors, and whose mother had no 
college degree. Similarly, most parents reported the same level of severity of SIB during 
visits 1 and 2. However, a considerable proportion of parents also reported changes in the 
level of severity. Parents were more likely to report improvement in severity than 
deterioration. SIB were more likely to worsen in children with low adaptive behaviors 
skills, among children from families on “other types of insurance,” and whose mothers 
did not graduate from college at visit 1, while SIB were less likely to deteriorate among 
children with low cognitive skills and in the presence of aggressive behaviors at visit 1.  
Resolution of SIB over time in persons with ASD has been previously reported in 
prospective cohort studies (e.g., Baghdadli et al. 2008; Murphy et al. 2005; Shattuck et al. 
2007). However, other studies have found that SIB persisted over time (Chowdhury et al. 
2010; Taylor et al. 2010). The resolution of previously parent-reported SIB in this study 
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may be the result of different interventions received by these children, as these children 
were receiving specialty care. It is also possible that these findings were due to the 
general brain maturation that occurs over time. We could not make this distinction, as the 
effects of the type and duration of intervention was not examined in this study because of 
lack of detailed valid data on different interventions received. Unlike our findings, 
Ballaban-Gill et al. (1996) found that among those who reported changes, more 
participants deteriorated than improved. This study included older participants and an 
older cohort compared to those included in our study. Both age and cohort effects may 
explain the differences between the two studies, as there was a tendency for older 
children not to experience resolution of SIB in our study.  
This study found a number of individual and familial characteristics at visit 1 that 
affected the changes in the presence of SIB. The effect of adaptive behaviors skills has 
also been reported by Bagdhadli et al. 2008. The impact of adaptive behaviors on the 
ability to function may explain their importance in predicting both the resolution and new 
occurrence of SIB (Jones & Lord, 2014). Loss of previously acquired skills may explain 
how developmental regression was associated with less resolution of SIB. Aggressive 
behaviors may be precursors of SIB as some have argued that both behaviors may arise 
from a common pathological pathway (Gueller, 2005; LeCavalier et al. 2006; Prinzmant 
& Laurent, 2011; Quek et al. 2012). Maternal lack of college degree may indicate limited 
access to services, or a marker for unhealthy behaviors, including alcohol and illicit drugs 
(Matthews, 2011). A number of risk factors for SIB reported in cross-sectional studies, 
such as hyperactivity, anxiety, mood and sleep problems, and sensory abnormalities were 
associated with an increased risk of new occurrence of SIB, although non-significantly. 
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This provides some level of evidence of the associations between these risk factors and 
SIB. The lack of significance may be due to insufficient power. 
The study of longitudinal changes in the severity of SIB in ASD is an area that 
has not been extensively studied. In line with our findings, improvement in the severity of 
challenging behaviors, including SIB was also reported in a population-based study of 
participants with ID by Einfeld et al. (2006) and also in a cross-sectional study by 
Esbensen et al. (2009). Brain maturation, effects of interventions that target cognitive and 
adaptive skills, and somatic problems, such as sleep may explain the improvement. We 
found that low adaptive skill scores at visit 1 predicted deterioration in severity. This is in 
line with findings that emphasized the importance of adaptive abilities in predicting long-
term outcomes (Jones & Lord, 2014). Factors related to access to services (other types of 
insurance, maternal lack of college degree) at visit 1 were also associated with increased 
severity. This may due to the fact that children from these families experienced barriers 
to access services. There was a trend for parents of older children at baseline not to report 
deterioration of SIB compared to those of younger children. This is in line with the 
overall improvement in the severity of SIB overtime reported in this study. Parents of 
children with aggressive behaviors and low IQ scores were less likely to report an 
increase in severity of SIB. These findings were unexpected. It is possible that children 
with cognitive impairment have already high levels of severity that parents were less 
likely to notice increase in severity. Meanwhile, children with aggressive behaviors may 
have received interventions and this may explain the lack of worsening in severity. 
Strengths of this study include its prospective design, inclusion of a large and 
national sample of children with ASD, examination of changes in both the presence and 
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severity of SIB, and the assessment of a large number of predictors of potential changes. 
Further, this study was able to establish a temporal relationship between these factors and 
SIB, unlike most studies of risk factors for SIB, which are cross-sectional. This study also 
examined the directionality of changes in the presence and severity of SIB, rather than 
comparing only any change to no change. Despite these strengths, this study has some 
limitations. A high proportion of participants were lost between the two visits. Of those 
enrolled, only 33.0% had information on the presence of SIB at visit 2. This substantial 
loss to follow-up may have biased our results, if the reasons for attrition were associated 
with SIB or other risk factors, e.g., if greater burn-out in families with SIB resulted in 
greater attrition. It is noticeable that, though no differences were found on the distribution 
of SIB between those included and excluded in these analyses, significant differences in 
sociodemographic, developmental, and behavioral characteristics were found between 
these two groups. The magnitude of this possible bias introduced could not be estimated 
with these data. Further, it is also possible that the high level of attrition also reduced the 
power to detect more predictors of changes. The ATN registry included only families 
who are fluent in English, able to access specialty care, and have agreed to be included 
into the registry. These families may be different from those who are non-English 
speakers or those with low SES. This may also induce selection bias, therefore, caution is 
required when using these findings in different populations. The short duration of follow-
up may have explained why most participants did not show significant changes in SIB. 
Unfortunately, high levels of attrition between visits prevented us from assessing changes 
in SIB later after visit 2. We did not control for the effect of interventions that 
participants received or were receiving between visits, and it is possible that the 
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improvement observed in a substantial proportion of participants was more related to the 
type and duration of services received. The instruments used to collect these data may 
have introduced some inaccuracies in the reporting, as only few examples of SIB were 
provided to parents and the definition of severity was not very detailed nor very specific.  
Despite these limitations, findings from this study support improved outcomes in 
a considerable proportion of children with SIB in ASD as they age (14.5% showed 
resolution of SIB and 18.5% showed improvement in the severity). In addition, factors 
that may explain these changes were documented. If confirmed by others, clinicians 
should include other benchmarks, such as improving adaptive behavior skills, reducing 
aggressive behaviors, in addition to improving cognitive skills, as part of outcomes of 
interventions provided to children with ASD. Researchers can use this information for 
planning of the next generation of studies in this area. Researchers should continue 
developing better instruments to capture the presence, type and severity of SIB in ASD. 
The effect of SES factors should stimulate policymakers to continue finding better ways 
to improve access to services for families with limited resources and reduce health 
disparities. Future longitudinal studies with larger number of participants with ASD who 
are followed over time, and have better retention of participants, are needed. It would 
also be useful to examine a longer time frame for the manifestation of SIB (e.g., last three 
months vs. last 30 days), use clearer and detailed examples of behaviors considered as 
SIB. Future studies also should evaluate multiple time points to provide a more detailed 
picture of the trajectory of the presence and severity of SIB in ASD, and assess the effect 





DISCUSSION AND FUTURE DIRECTIONS 
 The prevalence of ASD has been increasing since it was first described by Leo 
Kanner in 1943. Findings from studies using small clinical samples have documented 
higher occurrence of SIB in ASD compared to other developmental disabilities, but data 
from large population-based studies are lacking. Findings from these small studies may 
have been affected by selection bias. Further, the etiology and evolution of SIB are not 
completely understood, and large scale studies of risk factors for SIB and their 
longitudinal changes, are needed. In order to fill these gaps in the research of SIB in 
ASD, this study comprehensively explored SIB in ASD by documenting its prevalence 
and possible birth cohort effects in the prevalence, risk factors, and longitudinal changes 
in two large samples of children with ASD. 
8.1 Prevalence of Self-Injurious Behaviors and Birth Cohort Effects 
The first aim of this study was to provide valid estimates on the prevalence of SIB 
and assess whether there are potential birth cohort effects in a population-based sample of 
children with ASD. This study reported a much lower prevalence of SIB of about 27.7% 
in the ADDM Network, compared to other studies (Baghdadli et al. 2003; Duerden et al. 
2012; Rattaz et al. 2015; Richards et al. 2012). In all of these other studies, the reported 
prevalence of SIB was above 35% in children enrolled in different research and treatment 
programs. The differences in the prevalence of SIB between our study and these studies 
may likely be due to selection bias, as these studies used clinical samples, which are more 
likely to include children with severe symptoms and those who have access to services. 
In contrast, the ADDM sample included a substantial proportion of children who did not 
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have a previous documented diagnosis of ASD in their records. These children are more 
likely to have less severe symptoms, and likely to have been missed in these clinical 
studies. In fact, 33% of children in the ADDM Network did not have a documented 
diagnosis of ASD in their records. These children would not have been included in the 
clinical samples used in these other studies. By including children with less severe 
symptoms, in addition to those with severe symptoms, our sample has captured a broader 
spectrum of children with ASD compared to the samples used in these other studies. The 
differences in the types of samples (population-based versus clinical) likely explained the 
differences in the prevalence reported. The prevalence of SIB reported in our study may 
reflect the true prevalence of SIB in ASD; thus, 27.7% is a more accurate estimate of the 
true prevalence of SIB in children with ASD. 
In our own study, we also documented similar findings in the prevalence of SIB 
based on the type of sample. For instance, the prevalence of SIB in the ATN registry 
(clinical sample) [33.0%] was relatively higher than the prevalence reported in the 
ADDM Network sample (27.7%). 
Despite the differences in reported prevalence, both past studies and ours have 
documented the presence of SIB in a considerable proportion of children with ASD. The 
27.7% prevalence found in this study is much higher than 10-20% prevalence of SIB 
reported in children with ID (Dominick et al. 2007; McClintock et al. 2003; Schroeder et 
al. 2014). Therefore, like other studies, our findings have confirmed that children with 
ASD are at higher risk for SIB compared to those with other developmental disabilities. 
Further, in line with the results from a meta-analysis by McClintock et al. (2003), our 
study also corroborated the conclusion that the presence of comorbid ASD was a risk 
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factor for SIB in those with ID. The reasons behind the high risk of SIB in ASD, even as 
compared to other developmental disabilities, have not been clearly elucidated. It is 
crucial to explore these reasons, as SIB are known to have important individual, familial, 
and societal consequences. These children may experience injuries severe enough to 
result in hospitalization or even death. Further, these behaviors may be so disruptive and 
severe enough that they could reduce these children’s access to educational and other 
services. Families of children with SIB have higher medical expenditures compared to 
families of ASD children without SIB. Societal costs of providing services to those with 
SIB are much higher compared to those without these behaviors (Devine, 2014; Ianuzzi 
et al. 2014; Minshawi et al. 2014b). Therefore, it is important to understand the causes of 
SIB and develop effective strategies for preventing and treating these behaviors. 
This study also documented important differences in the prevalence of SIB 
between the ADDM Network sites. These geographical variations have not been reported 
before. These findings may have resulted from a number of reasons, including differences 
between sites in the distribution of risk factors for SIB, type of records extracted (clinical 
vs. educational), environmental exposures, and availability of services for diagnosis and 
treatment, which our data did not allow us to explore. 
In a subset of sites in the ADDM Network, we found no significant changes in the 
prevalence of SIB in ASD over time. It is possible that these are true findings, or that the 
small number of sites and study years included in these analyses may have limited our 
ability to detect significant trends in SIB. Nevertheless, there was a tendency for children 
from the most recent cohorts to have SIB documented in their records more often 
compared to children from the older cohorts. These findings mirrored those by reported 
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by Rice et al. (2010) on the trends in the prevalence of ASD in these same four sites 
between the 2000, 2002, and 2004 study years. Further, our findings were in line with the 
conclusion that we reached when we compared the prevalence of SIB between different 
studies based on their time of publication. Improvement in access to diagnosis services 
resulting in younger age of diagnosis, increased awareness of SIB in ASD, and other 
factors may explain these findings. 
The ADDM Network methods rely on available records, which is influenced by 
access to services. This may be a problem in sites that do not have access to educational 
records. Further, this system was not intended to be a representative sample of children 
with ASD in the US, hence caution is required when extrapolating these data to locations 
that are not part of the ADDM Network, or to other settings. Though unlikely to be a 
major issue in this study, given the young age of participants, the possibility of a survival 
bias should also be considered, since this study included only children with ASD who 
survived until the age of 8 years. The analyses for potential trends in SIB included only 
data from four sites and three study years, which may have reduced the power to find 
significant differences in the prevalence of SIB over time. 
8.2 Risk factors for Self-Injurious Behaviors 
The purpose of the second aim of this study was to explore potential risk factors 
for SIB in two large samples of children with ASD (ADDM Network and ATN). In the 
past, studies that used small clinical samples have documented associations between SIB 
and a number of risk factors. However, it is unknown if these are true associations, or 
they are due to selection bias, confounding, or other factors. Therefore, assessing these 
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risk factors in two large and different samples of children with ASD provided an 
opportunity for validation of these associations.  
Despite important differences between the two samples, such as the nature of the 
sample (population- vs. clinic-based), the way SIB and risk factors were assessed 
(records vs. parental questionnaire) and analyzed, the geographical distribution of the 
sites, and the age of participants (8 years vs. 2-17 years), their results were remarkably 
similar. Four categories of risk factors were associated with SIB in both datasets 
(behavioral, developmental, somatic conditions, and SES). In general, our findings 
supported different theories and the multifactorial etiology of SIB, as suggested by others 
(Guess & Carr, 1991; Devine, 2014). 
First, the presence of behavioral risk factors such as aggression, hyperactivity, 
anxiety, and temper tantrums, conduct problems, whether from parental responses or the 
child’s records, were associated with increased odds of SIB. These findings confirmed 
results from other studies that reported the tendency for maladaptive behaviors to cluster 
(Carroll al. 2014; Kozlowski & Matson, 2012; Kurtz et al. 2012; Matson et al. 2008; 
Murphy et al. 2009; Schroeder et al. 2014). In their study of young children at risk for 
developmental disabilities, some of whom were also diagnosed with ASD, Kurtz et al. 
(2012) reported the co-occurrence of SIB with aggression (82.8%), temper tantrums 
(72.4%), disruptive behaviors (44.8%), and dangerous behaviors [e.g., climbing] (34.5%). 
Similarly, Murphy et al. (2009) reported the presence of SIB, aggression, and stereotyped 
behaviors in 32% of participants in their sample. Matson et al. (2008) reported significant 
correlations between the four domains of the BISCUIT-Part 3 (aggression/destruction, 
SIB, stereotypy, and destructive behaviors). 
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The association between SIB and other maladaptive behaviors may reflect a 
common etiology. As suggested by others, the clustering of these behaviors may be due 
to emotional dysregulation that will result in lack of inhibition and the occurrence of 
different maladaptive behaviors, including SIB, irritability, temper tantrums, aggression, 
and inattention (Geller, 2005; LeCavalier et al. 2006; Prinzant & Laurent, 2011; Quek et 
al. 2012). Deficits in executive function in those with ASD may be the precursor to this 
emotional dysregulation. The clustering of maladaptive behaviors could also reflect a 
causal relationship. Children with anxiety, hyperactivity, irritability, and aggression may 
use SIB as a way to control these impulses, supporting an auto-reinforcement [self-
regulation hypothesis of SIB] (Carr, 1977; Klonsky, 2007). It is also possible that the 
clustering may be due to reporting bias. Parents of children with SIB may consider these 
children as being “difficult,” and be more likely to report other maladaptive behaviors 
during interviews or on questionnaires. This reporting bias could result in spurious 
associations between SIB and other maladaptive behaviors. While we could not 
differentiate true associations from reporting bias due to the cross-sectional nature of 
these analyses, our own longitudinal findings in the ATN dataset (described below) 
documented the tendency for parents to report new occurrence of SIB during follow-up 
visit in children who showed some of these other maladaptive behaviors at baseline (e.g., 
aggression, hyperactivity, mood problems). Thus, it is possible that our findings may 
reflect true causal relationships between SIB and these other maladaptive behaviors.  
Second, developmental risk factors were also consistently associated with SIB. 
Specifically, low cognitive and adaptive behavior skills, and the presence of 
developmental regression were all associated with increased odds of SIB. The 
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associations between low cognitive and adaptive behaviors skills and SIB have also been 
reported in other studies (Baghdadli et al. 2003; Duerden et al. 2012; Esbensen et al. 
2009; McTierman et al. 2011). Further, in those with ID, McClintock et al. (2003) 
reported a dose-response relationship between SIB and the level of cognitive impairment. 
These risk factors may be directly related to SIB, or they may maintain SIB of other 
origins through deficits in social communication. The association between ID and SIB 
may be causal. As suggested by Duerden et al. (2012), children with low IQ may not 
comprehend the consequences of their actions, or be able to find alternative, less harmful 
activities on which to focus. In addition, these children may not learn about pain or 
develop fear of pain due to impaired memory systems. All the above may result in 
increased occurrence of SIB in children with ID. Findings in our longitudinal study also 
showed the tendency for parents of children with low cognitive scores at baseline to 
report new occurrence of SIB during the follow-up visit. 
The association between SIB and low adaptive behaviors skills may be due to the 
inability of these children to interact effectively with the surrounding environment. 
Failure to adequately communicate their needs to those around them verbally can result 
in attempts to express them through sensation and behaviors, including SIB (Van der 
Kolk and van der Hart, 1989, as cited by Duerden et al. 2012; Weiss, 2002). The 
association between SIB and adaptive behavior skills supports both the ‘deficit in social 
communication’ theory of SIB (Devine, 2014) and the environmental theory of SIB 
(Carr, 1977; Klonsly, 2007). It is also possible that children with low adaptive behaviors 
skills may become frustrated because of their inability to perform activities of daily 
living, such toileting, dressing. This frustration may be expressed as SIB in those with 
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limited verbal abilities. Children with low adaptive scores at baseline were less likely to 
show resolution of previous SIB and more likely to have new occurrence and degradation 
of SIB in the longitudinal analyses. 
Low cognitive and adaptive behaviors skills may contribute to the maintenance of 
SIB of other origins. For example, SIB may have originated as a reaction to an organic 
condition (dental pain, ear infection, sleep problems, constipation, allergies) and be 
maintained by the inability to adequately communicate the discomfort due to deficits in 
verbal skills in those with low cognitive and adaptive behaviors skills. These factors are 
in line with the multifactorial hypothesis of SIB proposed by Guess & Carr (1991). 
The association between developmental regression and SIB in ASD has not been 
described before. Lance et al. (2014) and Wiggins et al. (2009) did not find significant 
associations between SIB and developmental regression. Lance et al. (2014) assessed SIB 
in a sample of hospitalized patients with diverse conditions, including ASD. Wiggins et 
al. (2009) used data from one ADDM site. Methodological differences, as well as 
differences in sample size may explain these conflicting findings. Our results support the 
hypothesis proposed by Lance et al. (2014) that children with developmental regression 
lose social and communication skills and will be more likely to develop SIB, as a mode 
of communication and social interaction. Further, children with developmental regression 
are more likely to have low cognitive and adaptive skills (Wiggins et al. 2009) and this 
may put them at increased risk for SIB. In the longitudinal analyses, children with 
developmental regression at baseline were less likely to show resolution of SIB. 
Third, somatic conditions (sensory and sleep problems) were associated with 
increased odds of SIB. Similar results have been reported by others (Duerden et al. 2012; 
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Goldman et al. 2011; Klintwall et al. 2011). Different types of abnormalities in sensory 
processing have been documented in ASD (Klintwal et al. 2011; Duerden et al. 2014). 
Three possible mechanisms may explain the association between sensory abnormalities 
and SIB. Children with sensory abnormalities (hyperarousal, hypoarousal) may use SIB 
as a way to regulate arousal (self-regulation hypothesis). The relationship between SIB 
and level of arousal has been documented in other studies. For example, Hoch, Symons, 
and Sng (2013) reported a significant association between SIB and two biomarkers of 
physiologic arousal (heart rate and high-frequency component of heart rate variability) in 
three children with ID. The association between sensory abnormalities and SIB supports 
the sensory stimulation (seeking sensation) theory of SIB (Carr, 1977; Klonsky, 2007). 
Further, this association may also result from overreactivity of the sensory system in 
some children with ASD, when it is challenged by the presence of organic problems 
(dental caries, ear infection, GI problems). As suggested by Duerden et al. (2012), 
children with abnormalities in sensory processing may have an overactive opioidergic 
system and release excessive amounts of endorphins secondary to pain, stress or anxiety. 
This will result in analgesia and reduced perception of sensory stimuli. In these 
circumstances, the presence of a somatic problem will overstimulate the opioid system 
and lead to the occurrence of SIB, so more endorphins are liberated to maintain analgesia. 
Lastly, the association between sensory abnormalities and SIB may be secondary to the 
inability of these children to express pain due to limited communication skills. A possible 
causal relationship between sensory abnormalities and SIB was supported in the 
longitudinal study with parents reporting less resolution and new occurrence of SIB in the 
presence of sensory problems at baseline. 
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The underlying mechanism for the observed association between SIB and sleep 
problems may be complex. As reported by Symons et al. (2000), it is possible that the 
presence of SIB leads to sleep deprivation through a relationship between the opioid 
system and reduction in Rapid Eye Movement (REM) sleep. Conversely, sleep 
deprivation may lead to the occurrence of SIB, since children who are tired and irritable 
may use SIB as a way to escape interactions (negative reinforcement) and be less likely 
to engage in behaviors that favor interactions (Symons et al. 2000). It is also possible that 
the association between sleep problems and SIB is due to the effect of sleep problems on 
cognitive and adaptive behaviors skills. In those with ASD, Taylor et al. (2012) found 
that children who sleep fewer hours were more likely to have lower cognitive and 
adaptive skills, compared to those who did not have sleep disturbances. As described 
above, deficits in cognitive and adaptive skills may lead to SIB. While the cross sectional 
nature of this study did not allow us to exclude the possibility of a reverse association 
between SIB and sleep problems, our longitudinal analyses in the ATN dataset confirmed 
the tendency for new occurrence of SIB during the follow-visit to be reported in children 
who had sleep problems at baseline, thus, providing support for a possible causal 
relationship between sleep problems and SIB in some children with ASD.  
The presence of GI symptoms was not significantly associated with SIB and this 
has been confirmed by others (Kang et al. 2014; Maenner et al. 2012). This finding is in 
contradiction with reports of associations between GI and SIB in clinical cases and in 
those with ID (Bohmer, 1996; Christensen et al. 2009; Kennedy &Thompson, 2000). 
These differences may have resulted from a number of factors. It is possible that the 
association between SIB and GI problems previously reported may only exist with 
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specific types of GI problems, such as GERD (Kennedy & Thompson, 2000), or 
constipation (Christensen et al. 2009). The broader definition of “GI problems” that was 
used in our study resulted in the inclusion of other GI conditions that were not related to 
SIB, resulting in these null associations. It is also possible that findings from clinical 
cases may have been influenced by confounding factors, such as sleep, sensory 
abnormalities, and other maladaptive behaviors. Correlations between GI, sleep, and 
sensory abnormalities, anxiety have been reported by others (Mannion & Leader, 2014). 
Failure to control for these other factors may have resulted in spurious associations 
between SIB and GI problems in these clinical reports. 
The documentation of independent associations between SIB, presence of 
abnormalities in sensory processing and sleep problems in this study provides support for 
the multifactorial nature of SIB, as suggested by others (Guess and Carr, 1991; Minshawi 
et al. 2014b). We described the following mechanism as an illustration of the potential 
interactions between biological and environmental factors based on our findings. In some 
children with ASD, SIB may originate because of a biological condition [e.g., ear pain, 
GERD, dental caries] (biological hypothesis), or from a need for self-regulation (auto-
reinforcement, sensory seeking hypothesis). The involvement of the opioid system can 
lead to the occurrence of sleep disturbances, which may in turn impede the desire to 
interact with others and employs SIB as a way to avoid social interaction and difficult 
demands (environmental hypothesis).  
Fourth, a number of SES factors were also associated with SIB. In the ATN 
dataset, SIB was negatively associated with the age of the child, as has been reported by 
others (Baghdadli et al. 2003; Esbensen et al. 2009; Ming et al. 2008). This association 
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may be due to the general brain maturation that occurs with age together with 
improvement in cognitive and adaptive skills. This association mirrored improvement in 
the presence and severity of SIB reported among some children in our analyses of 
longitudinal changes in SIB. Different interventions that target IQ, adaptive behavior 
skills, somatic and behavioral issues may have also explained this negative association, as 
older children are more likely to have received these interventions compared to the 
younger ones. However, this study was not designed to also assess the potential effect of 
interventions received by these participants. 
Familial factors (type of health insurance, maternal education, smoking during 
pregnancy, the presence of a documented diagnosis of ASD in the child’s records), and 
community indicators (median income in the census tract) were all associated with SIB. 
These associations have not been previously reported. These factors may be proxies for 
access to services. While some of these associations may not be causal, they can 
contribute to the maintenance of SIB. For example, children from families with limited 
resources may have reduced access to interventions that could reduce the severity of SIB. 
Disparities in access to services based on SES in ASD have been documented in other 
studies (Irvin et al. 2008; Liptak et al. 2008) and our findings confirm the potential effect 
of these disparities on the occurrence of SIB. In the longitudinal analyses of this study, 
low maternal education was associated with both new occurrence of SIB and 
deterioration in the severity of SIB. 
On the other hand, the associations between maternal smoking, education and SIB 
may also be causal. In fact, low maternal education attainment may be a proxy for 
engaging in unhealthy behaviors, such as smoking or drug use during pregnancy 
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(Matthews, 2011). While the association between smoking and SIB in ASD has not been 
reported before, similar findings have been documented on the negative effects of 
maternal smoking on other maladaptive behaviors and IQ. For instance, in a longitudinal 
study that followed children up to the age of 14 years, Tearne et al. (2014) reported an 
association between maternal smoking during pregnancy and increased total scores on the 
Child Behavior Check List [CBCL] (Achenbach & Rescorla, 2000). Likewise, maternal 
smoking during pregnancy has been linked to increased odds of hyperactivity, attention 
problems (Han et al. 2015; Langley, Heron, Smith, & Thapar, 2012; Linnet et al. 2003), 
internalizing behaviors [anxiety, depression] (Moylan et al. 2015), and lower IQ 
(Mortensen, Michaelsen, Sanders, & Reinisch, 2005). Maternal smoking may directly 
affect brain development. It is possible that specific chemicals found in cigarettes may 
alter neurological pathways during brain development that will result in subsequent 
occurrence of SIB. For example, nicotine and its metabolite, cotinine, are able to bind to 
the nicotinic acetylcholine receptor (nAChR) and disrupt the cholinergic system, a key 
modulator of brain development (Ross et al. 2015). These changes result in alterations in 
synaptogenesis, neuronal migration, neurotransmitter release, and other molecular and 
functional perturbations. Further, in addition to nicotine, the fetus is exposed to more than 
4000 compounds through cigarette smoking (Behnke & Smith, 2013). Mothers who 
smoke during pregnancy are also more likely to engage in other unhealthy behaviors, 
including the use of alcohol and illicit drugs (Ebrahim & Gfroerer, 2003). All the above 
factors may alter brain development and result in the occurrence of SIB. The effects of 
maternal smoking may also be indirect through associations of maternal smoking with 
other factors. It is possible that maternal smoking during pregnancy may indicate the 
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presence of depressive symptoms, high levels of stress, low self-esteem and coping skills, 
and lack of social support (Maxson, Edwards, Ingram, Miranda, 2012; Weaver, 
Campbell, Mermelstein, & Waksclag, 2008). These mothers may have difficulties 
interacting with children who have developmental disabilities, thus, potentially increasing 
the risk of occurrence of SIB. 
Parental age was not significantly associated with SIB in both datasets, though 
there was a tendency for SIB to be negatively associated with both maternal and paternal 
age. Better access to services due to higher SES in older parents, better knowledge of 
child’s development, greater maturity and experience may explain these findings. In the 
longitudinal analyses, there was a tendency for resolution to be reported, and new 
occurrence not to be documented with increase in paternal age. 
Other risk factors were examined only in one dataset. In the ADDM Network, 
several prenatal, perinatal, and neonatal factors were associated with non-significant 
increases in the odds of SIB. Such factors may act through direct neurological insults to 
the developing brain or serve as markers of other adverse pregnancy outcomes. Some of 
these risk factors, such as prenatal and perinatal complications have been associated with 
a number of deleterious neurodevelopmental effects in the offspring. This may explain 
the increased odds of SIB observed. The presence of neurologic conditions (e.g., 
epilepsy, CP) was also associated with increased odds of SIB. The association between 
SIB and epilepsy has been confirmed by others (Viscidi et al. 2013). 
In the ATN dataset, we found no significant association between SIB and ASD 
severity, which is similar to results reported by Duerden et al. (2012). In contrast, 
Baghdadli et al. (2003) and Rattaz et al. (2015) reported significant associations between 
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SIB and higher severity of ASD. Both Duerden et al. (2012) and our study used ADOS-G 
calibrated scores, while Baghdadli et al. (2003) and Rattaz et al. (2015) used CARS, 
which could account for the contradictory findings. It is also possible that SIB may be 
more related to the stereotyped, repetitive behaviors domain of ASD, which is not 
included in the ADOS-G calibrated scores (Mahan, 2012). Our findings may also have 
been influenced by an overadjustment bias, as calibrated ADOS-G scores are already 
adjusted for age and verbal abilities, so including variables such as age, adaptive 
behaviors, and IQ in these analyses may have resulted in overadjustment bias that may 
also explain the null association we observed.  
Several limitations in this study may have influenced our findings. The ATN 
registry only included families who were fluent in both written and spoken English and 
could afford accessing specialty care, while the ADDM was not intended to be a 
representative sample of children with ASD in the US. Though our findings were similar 
in these two different datasets, the possibility of spurious associations due to selection 
bias cannot be totally ruled out. In addition, because of the potential selection bias, 
caution is required when generalizing these findings in other settings. The cross-sectional 
nature of some of these analyses precluded the possibility of establishing a temporal 
relationship between these risk factors and SIB. It was therefore not possible to infer 
causation; in addition, reverse causation and reporting bias could not be excluded based 
on these cross-sectional data. The risk factors examined predicted only a small proportion 
of the variance in SIB occurrence. Other factors not measured in our data, such as those 
related to the social and physical environment of the child, maternal psychiatric 
conditions, and interventions received may play an important role in the occurrence of 
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SIB. The proportion of missing data was high in these two datasets, as they were not 
primarily developed for research purposes. We used multiple imputation to account for 
missing data, but it is still possible that our findings may have been different, if all the 
data were available. Finally, a large number of potential predictors were tested. We did 
not adjust for multiple comparisons, as recommended by most epidemiologists (see 
Goldman, 1998; Goodman & Royall, 1988; Greenland, 2008; Hubbard & Lindsay, 2008; 
Rothman, 1990; Savitz & Olshan, 1995; Thompson, 1998). It is possible that some of 
these findings may be due to chance alone. However, the similarity of our findings in two 
different samples is an argument against the possibility of a Type I error being the main 
contributor for these findings. 
8.3 Longitudinal Changes in Self-Injurious Behaviors 
The final aim of this study was to explore longitudinal changes in parent-reported 
presence and severity of SIB in children with ASD over a one-year period and to assess 
baseline characteristics that may predict any changes over this time period. The majority 
of parents did not report major changes in the presence or severity of SIB in their 
children, suggesting that, at least over a one-year period, SIB is relatively fixed. 
Nevertheless, a considerable proportion did report significant changes, including both 
resolution (14.5%), new occurrence (8.5%), improvement (19.5%) and deterioration 
(11.5%). More parents reported resolution vs. new occurrence, and improvement vs. 
increase severity of SIB in this study.  
Similar findings with regard to changes in the presence of SIB have been reported 
by others (Baghdadli et al. 2008; Murphy et al. 2005; Shattuck et al. 2007; Taylor & 
Seltzer, 2010; Woodman et al. 2014). For example, like us, Baghdadli et al. (2008) found 
167 
 
that a majority (69%) of children had no change in SIB between visits, either never 
having SIB (43%) or having persistent SIB at both visits (26%), while SIB resolved in 
24% of participants and developed in only 8%. Documentation of a decrease of SIB with 
age in a substantial proportion of children with ASD, as reported in our study and by 
others is potentially encouraging. A decrease in SIB could be due to general maturation 
of the brain or improvement in cognitive and adaptive skills resulting from interventions 
provided. Disentangling the effects of interventions from those of brain maturation was 
beyond the scope of this study.  
Some studies have not found significant changes in the presence of SIB over time 
(Ballaban-Gill, 1996; Billstedt et al. 2005; Wolff et al. 2014). Methodological differences 
between studies, including the older age of participants (Ballaban-Gill et al. 1996; 
Billstedt et al. 2005) may explain these differences. Further, differences in the available 
interventions between different cohorts may also have contributed to these discrepancies, 
since children included in older studies (Ballaban-Gill et al. 1996) may not have 
benefited from current interventions that target some of the risk factors for SIB. For 
instance, contrary to our findings, Ballaban-Gill et al. (1996) reported more deterioration 
than improvement in their participants.  
Our study also identified individual and familial baseline characteristics that 
predicted changes in the presence of parent-reported SIB. Resolution of previously 
reported SIB was less likely to happen in children with low baseline adaptive skills, 
developmental regression, and those from families that did not have private insurance. 
New occurrence of SIB was more likely to be reported in the presence of low adaptive 
behavior skills and aggression at baseline. As described in the previous section, the 
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associations between changes in the presence of SIB with low adaptive behaviors skills, 
developmental regression may be causally related to a reduced ability to cope with the 
immediate environment and lack of communication and social skills. Again, as suggested 
previously, identified family risk factors may act through limited access to services, as 
children whose mothers did not have a college degree may be less likely to have private 
insurance that can cover specialty services for ASD. It is also possible that low maternal 
education is a proxy for unhealthy behaviors or low coping skills, making these mothers 
less prepared to manage their children’s behavior problems. Though they did not reach 
significance, a number of risk factors for SIB reported in cross-sectional studies, such as 
hyperactivity, mood problems, sensory and sleep problems were associated with new 
occurrence of SIB. This may provide support for a potential temporal relationship 
between these risk factors and SIB. Some of the identified factors associated with 
changes in the presence of SIB have also been reported by others. For example, Murphy 
et al. (2005) found that those with limited expressive language and social skills were less 
likely to show improvement. Better quality of mother-child interactions and maternal 
praise predicted improvement in SIB (Woodman et al. 2014), while lower family income 
predicted less improvement (Taylor & Seltzer, 2010). 
As was the case for presence of SIB, the majority of parents did not report major 
changes in the severity of SIB over the one-year study period. Nevertheless, significant 
changes in parent-reported severity were documented in a substantial proportion of 
children with SIB. Among those children who did show a change in severity, 
improvement was more common than deterioration. As for changes in the presence of 
SIB, changes in parent-reported severity of SIB may be the result of brain maturation or 
169 
 
due to the effects of intervention received. These findings were similar to those reported 
by Einfeld et al. (2006) in a sample of participants with ID, some of whom had comorbid 
ASD and to those by Esbensen et al. (2009) in a cross-sectional study.  
For the most part, the same individual and family factors that predicted changes in 
the presence of parent-reported SIB also predicted changes in its severity. Similarly, 
relationships between adaptive behaviors skills and the ability to communicate, or 
between maternal education and limited access to services and treatment, may explain 
these changes. Parents whose children engaged in aggressive behaviors and those with 
low IQ scores at baseline were less likely to report increase in the severity of SIB. This 
was contrary to our expectations. It is possible that children with aggressive behaviors 
received interventions and that may lead to the lack of worsening in severity that we 
found. Further, children with low cognitive abilities may already have high levels of SIB 
severity and their parents may be less likely to notice an increase in SIB severity. 
Strengths of this study include the use of a prospective design, allowing the 
establishment of a temporal relationship between baseline predictors and the occurrence 
of parent-reported SIB, overcoming an important limitation of cross-sectional studies, 
both ours and others. Further, the prospective design has also provided a valid argument 
against findings that are due to reporting bias. Unlike previous studies, this study 
examined longitudinal changes in both the presence and severity of SIB, as well as 
potential predictors of these changes. Further, this study documented the type of changes 
reported (new occurrence versus resolution, improvement versus deterioration), 
permitting the distinction of different subgroups with changes over time. 
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One important limitation of this study was loss to follow-up. A considerable 
proportion of participants could not be contacted after the first visit. This may have 
introduced selection bias, since other factors related to SIB may have increased the 
likelihood of such loss. It was not possible to assess the magnitude of this selection bias. 
The high level of attrition between visits also prevented us from evaluating changes 
beyond the first follow-up visit and assessing whether the reported changes were 
maintained over time. Further, the high attrition may have reduced our power to detect 
more factors that predicted changes. The short duration of follow-up (one year in 
average) may explain why the majority of participants did not show significant changes 
in the presence and severity of SIB. Nevertheless, we documented significant changes in 
a considerable proportion of children. Another limitation is that the instrument used to 
assess the presence and severity of SIB asked questions may have been confusing for 
parents, which may have influenced the reporting of these behaviors. Finally, this study 
included children who were receiving specialty services in specialized ASD centers. It is 
possible that these results may not be applicable in other settings, so caution is required 
when generalizing these findings.  
8.4 Implications for Policy and Clinical Practice 
8.4.1 Prevalence of Self-Injurious Behaviors and Trends 
The high prevalence of SIB in ASD suggests that clinicians should specifically 
ask about these behaviors as part of their evaluation of children with ASD. Policymakers 
may use these data to plan for adequate resources and services, adapt training of 
providers, and fund more research studies of SIB in ASD. These findings will also be 
informative for parents and advocacy groups. It is important that parents become more 
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aware of the high prevalence of SIB in ASD and discuss these issues with clinicians 
during routine consultations, since parents may otherwise be reluctant to bring these 
issues to providers or seek help. As reported by Kurtz et al. (2012) in their study, parents 
of 25% of children who engaged in SIB had not made any contact with providers, and 
81% of them had not sought any treatment services. Thus, findings from our study should 
be made known to different ASD advocacy groups.  
8.4.2 Risk Factors for Self-Injurious Behaviors 
Diverse and interrelated risk factors were associated with SIB in two different 
national samples of children with ASD. In agreement with Isacksen et al. (2012) and 
Minshawi et al. (2014b), our findings support the need for clinicians working with 
children who have SIB to adopt a comprehensive and multidisciplinary approach in 
managing these behaviors. As stated by Isacksen et al. (2012) “Clinicians working in 
emergency rooms should not immediately assume that SIB exhibited in ASD are 
behavioral or psychiatric without first investigating the possibility of a medical condition 
that may be the root of these behaviors.” Similarly, our findings support the use by 
clinicians of the algorithm proposed by Minshawi et al. (2014b) that calls for a detailed 
history of circumstances surrounding the occurrence of SIB and a thorough physical 
examination of the patient to assess whether somatic (medical) causes of SIB can be 
detected and treated, before a purely behavioral approach is considered. The treatment 
offered to those with SIB should be individualized based on findings from the systematic 
evaluation. The use of standardized treatments without a throughout exploration of the 
roots of the behaviors may explain why 30% of parents of children with co-occurring 
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psychiatric diagnosis reported that their children developmental needs are not still being 
met despite their current treatment and services (Zablotsky et al. 2015). 
The association between SIB and developmental, behavioral, and somatic 
conditions may provide opportunities for prevention of SIB in some cases, through 
provision of interventions that target sensory abnormalities, sleep problems, adaptive and 
cognitive skills, and other maladaptive behaviors. The relationship between SIB and 
factors that may be proxies for limited access to services should stimulate policymakers 
and advocacy groups to continue working toward eliminating disparities in access to 
services in those with ASD.  
While the associations between SIB and maternal smoking and interventions 
during pregnancy, and low APGAR scores need confirmation in other studies, current 
public health policies that discourage smoking during pregnancy must be continued, as 
the prevalence of smoking during pregnancy is still above 10% in the US. (Matthews, 
2011). Similarly, public health policies promoting healthy pregnancies may also 
contribute to reductions in the occurrence of SIB in ASD. 
8.4.3 Longitudinal Changes in Self-Injurious Behaviors 
Though parents of most participants did not report major changes in the presence 
and severity of SIB, this study detected groups of children who were more likely to 
improve or deteriorate, and determined baseline characteristics that may identify such 
children. If confirmed by others, clinicians may use this information to provide 
interventions targeting the identified characteristics, in order to prevent the occurrence of 
SIB, the deterioration, or persistence of previously-reported SIB. The documentation of 
negative outcomes in those with characteristics associated with limited access to services 
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should stimulate policymakers and advocacy groups to continue working toward 
eliminating SES disparities in access to services that may have an adverse effect on the 
prevalence and severity of SIB. 
8.5 Implications for Research 
8.5.1 Prevalence of Self-Injurious Behaviors and Trends 
 The high prevalence of SIB in ASD documented in this study suggests a need to 
focus future research studies on improving our understanding of SIB in ASD. Studies of 
the prevalence of SIB in ASD in other countries and different settings are also needed for 
comparison purposes. Likewise, studies examining children with ASD at younger ages, 
using standardized instruments, such as the ADI-R or VABS, would be useful 
contributions to the literature. New instruments that provide detailed descriptions of 
different types of SIB are needed, in order to determine the relative prevalence of these 
different forms of SIB in ASD. Studies that examine geographical differences in SIB may 
identify individual or environmental factors that may improve our knowledge of SIB in 
ASD. Examination of birth cohort effects in studies that include more participants and a 
longer time frame also have the potential to inform our understanding of SIB in ASD. 
8.5.2 Risk Factors for Self-Injurious Behaviors 
This study documented important risk factors for SIB that researchers can use in 
designing the next generation of studies in this area. Longitudinal studies that can 
establish a temporal relationship between these risk factors and SIB, and studies that will 
include other risk factors not examined in this study, such as maternal psychiatric 
conditions, child’s social and physical environment, and document the effect of treatment 
received, are needed. Future studies should also attempt to use objective measures of 
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smoking (cotinine levels) and prospective collection of detailed information on prenatal, 
perinatal, and neonatal risk factors that may predict SIB. Researchers should continue to 
develop and evaluate interventions that effectively target cognitive and adaptive skills, as 
well as somatic conditions, such as sleep and sensory abnormalities, which may prevent 
or ameliorate SIB in ASD. 
8.5.3 Longitudinal Changes in Self-Injurious Behaviors 
Future longitudinal studies on the presence and severity of SIB with better 
retention of participants, which can follow children with ASD over a longer time period, 
are needed. Future studies should also control for the type and duration of interventions 
received by participants, in order to better assess the natural history of SIB. Further, the 
development and use of more specific, validated and reliable instruments to collect 
information on the presence and severity of SIB is needed. 
8.6 Conclusion 
ASD are chronic neurodevelopmental disorders without known cause and cure. 
Since it was first described in 1943, the prevalence of ASD has been steadily increasing. 
This study has documented that more than 25% of children with ASD engage in SIB. 
Because these behaviors have significant negative consequences for the long-term 
outcomes of children with ASD, it is vital for researchers, clinicians, parents, advocacy 
groups, and policymakers to address SIB in ASD. Results from this study support the 
multifactorial nature of SIB, but also suggest that these risk factors will not be identified 
in all cases of SIB. As previously recognized (Kurtz et al. 2012; Minshawi et al., 2014b), 
there will still be some “idiopathic” cases of SIB, where no risk factors can be identified. 
Nevertheless, our findings suggest that clinicians should adopt a multidisciplinary 
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approach to the assessment and treatment of SIB in ASD focusing at detecting possible 
treatable causes of SIB, as supported by others (Isacksen et al. 2012, Minshawi et al. 
2014b). Further, the identification of factors that can differentiate whether SIB is likely to 
develop, persist or improve may allow the targeting of interventions that act on these risk 
factors, possibly preventing the development of SIB.  
Despite its limitations, this study has contributed substantially to the literature on 
SIB in ASD by providing valuable information that will increase awareness of SIB in 
ASD, inform future studies, stimulate the development of prevention strategies and 
improve the management of SIB in ASD. Such efforts have the potential to result in 
substantive improvement in long-term outcomes of children with SIB, better quality of 
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COMPLETE CASE ANALYSES OF RISK FACTORS FOR SELF-INJURIOUS BEHAVIORS IN  
CHILDREN ENROLLED IN THE AUTISM TREATMENT NETWORK DURING  
THE 2008-2012 STUDY YEARS. 
 Main analyses Sub-analysis with GI and 
Sleep information 
Sub-analysis with parental age 
information 
Variable  OR and 95% CI  P value OR and 95% CI  P value OR and 95% CI  P-value 
Gender  
  Female 
  Male 
 

















  No College degree 
  College degree or higher 
 
















Age of the child (year) 0.94 (0.91, 0.96) <0.0001 0.94 (0.91, 0.96) <0.0001 0.95 (0.92, 0.99) 0.006 
Race of the child 
  African American 
  Hispanic 
  Others 
  White 
 
0.72 (0.51, 1.02) 
0.97 (0.72, 1.31) 








0.70 (0.48, 1.13) 
0.96 (0.71, 1.32) 








0.63 (0.38, 1.05) 
1.11 (0.76, 1.61) 







Health insurance  
  Others 
  Public 
  Private 
 
1.31 (1.03, 1.66) 







1.08 (0.78, 1.50) 







1.08 (0.78, 1.50) 






Developmental regression  
  Yes 
  No 
 





















 Main analyses Sub-analysis with GI and 
Sleep information 
Sub-analysis with parental age 
information 
IQ  0.99 (0.99, 1.002) 0.27 0.99 (0.99, 1.002) 0.30 0.99 (0.99, 1.004) 0.32 
Severity of ASD 0.96 (0.92, 1.008) 0.11 0.97 (0.92, 1.002) 0.17 0.96 (0.91, 1.02) 0.22 
Aggression  
  Yes 
  No 
 

















  Yes 
  No 
 















Mood problems  
  Yes 
  No 
 

















  Yes  
  No 
 


















  Yes 
  No 
 

















Sensory problems  
  Yes 
  No 
 



























































Maternal age* n/a n/a n/a n/a 1.00 (0.97, 1.03) 0.95 
Paternal age* n/a n/a n/a n/a 0.98 (0.96, 1.01) 0.22 







COMPLETE CASES ANALYSES OF PREDICTORS OF SELF-INJURIOUS BEHAVIORS IN CHILDREN  
INCLUDED IN THE AUTISM AND DEVELOPMENTAL DISABILITIES MONITORING NETWORK  
DURING THE 2000, 2006 AND 2008 STUDY YEARS. 



















-0.06  (0.03) 
-0.28  (0.04) 
0 
 
0.84 (0.80, 0.88) 
0.94 (0.88, 0.99) 


















1.29 (1.21, 1.36) 
1.04 (0.99, 1.10) 














































































0.70  (0.02) 
0 
 





















0.36  (0.02) 
0 
 













































-0.21  (0.14) 
0 
 














COMPLETE CASE ANALYSES OF PREDICTORS OF SELF-INJURIOUS BEHAVIORS  
IN CHILDREN FROM ADDM SITES THAT REPORTED BIRTH CERTIFICATE INFORMATION  
DURING THE 2000, 2006 AND 2008 STUDY YEARS. 




















0.45  (0.24) 
0.05  (0.31) 
0 
 
0.97 (0.65, 1.44) 
1.56 (0.98, 2.49) 


















0.89 (0.58, 1.41) 
0.84 (0.56, 1.25) 




















No college degree 




























Variable Beta and SE OR and 95% CI P-value 
Delayed 
Not Delayed  
-0.12 (0.15) 
0 






























































































































Variable Beta and SE OR and 95% CI P-value 
 No 
 




























































1.35 (0.89, 2.06) 
(0.95, 2.09) 


















1.38 (0.64, 2.93) 
1.13 (0.57, 2.14) 







Gestational age -0.009 (0.04) 0.99 (0.98, 1.07) 0.80 
Birth weight -0.0003(0.0002 0.99 (0.98, 1.0003) 0.83 
Apgar scores  0.03 (0.07) 1.03 (0.90, 1.18) 0.65 
Maternal weight gain during pregnancy -0.002 (0.005) 0.99 (0.98, 1.007) 0.63 
Maternal age -0.01 (0.02) 0.98 (0.96, 1.02 ) 0.46 








PLOT OF COGNITIVE SCORES VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN  








PLOT OF ADAPTIVE BEHAVIORS SKILLS SCORES VERSUS SELF-INJURIOUS BEHAVIORS  








PLOT OF ADOS-G CALIBRATED SCORES VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN  








PLOT OF CHILD AGE VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN ENROLLED IN  









PLOT OF CHILD BIRTH WEIGHT VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN  
ENROLLED IN THE AUTISM AND DEVELOPMENTAL DISABILITIES MONITORING  








PLOT OF CHILD APGAR SCORES VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN  
ENROLLED IN THE AUTISM AND DEVELOPMENTAL DISABILITIES MONITORING  








PLOT OF GESTATIONAL AGE VERSUS SELF-INJURIOUS BEHAVIORS IN CHILDREN  
ENROLLED IN THE AUTISM AND DEVELOPMENTAL DISABILITIES MONITORING  
NETWORK DURING THE 2000, 2006, AND 2008 STUDY YEARS. 
 
